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PREFACE

This report is designed to provide the anelyst with a brief but
comprehensive account of the layout, structural design, and structural
details of steam-powered electric power plants in the Soviet Unione. -
Include(}r”are some plants producing both electric power and steam for heating.

v f'
.. The subject is extensive, and the time (3 months, including extenaions)
for preparing the work is limited. Seventy-five per cent of the electric
power produced in the USSR comes from thermal plantse Reports on 45
Soviet hydroelectric jnstallations made up nearly half of a two-year
program completed by the Air Information Division in 1955. It was obvious
from the outset that a strict 14mit must be placed on the coverage of the
present work. The Structural Engineering Section therefore decided
to ekxclude the following phases of the subjects

Voo -

P

Y e . e

Spall plants, especially those serving single industrial installations:

Design of the mechanical and electrical equipment of the plants,
even of the boilers, turbines, and generators;

Water and fuel supply installations;

Layouts of electric systems;

Transformer and switch yards;

Pransmission lines and substations;

Structure of cooling towers (views of several examples of these,
however, appear in the plates).

Only large steam turbine power plants are included in the report.

The scanning of possibly useful periodicels, too, had to be cut off
where ‘the probable take was too thin to justify the expenditure of
man-hours. The coverage exploited wes still extensive, as may be seen
from the Bibliography. A general list of titles explored (whether fruitfully
or not) is on file with the SES copy of the report.

In the -introduction, the general course of the Soviet electrification
development.is briefly outlined.
N il

of the main! pover plant bullding. The four basic types of widely used
plant dé’sign ‘are described, and examples of somo existing power plants

typi rgg: these different layouts of sections are shown.
B N

7
4

The /ﬁrst chapter deels with the layouts of different sections

The 1‘Eépond chapter analyzes the structural details of the main plant

building, .
AN
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The third chapter deals with separate large Soviet thernal pover
plants giving for ecach all available and some estimated data and photo~
graphic illustrations.

A word of caution is in order concerning data on plants in those
parts of the Soviet Union that were overrun by the Germans in World War II.
A1l existing power stations in those regions were presumably demolished
by the invaders. It is understood that most of the early reconstruction
work was based on the original designs. This Section, however, has no
information-a% to bhe totel amount of new and updated design work that
went into the reconstruction effort. .1t is therefore anybody's guess
whother the data in this report on any plant in reglons which were under
German occupation represents what i5 there now, or whether it has been
replaced by a more modern installation.

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassme in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

INTRODUCTION

The olectrification of Soviet Fussia went through several stages in
the course of its development. The original electrification plan "Goslro"
(State Commigsion for the Electrification of Ruseia) was approved in 1921
and the construction of electric powar plants recelved first priority.

Tho guiding principles of the "Goelro® plan were: the restoration and
reconstruction of old power plantsy {part A of the Plan); the construction
of 30 large regionsl power statioms, mostly thermal (GRES), built in

pleces vhere local low-gFade fuel resources were available {peat, brown coal,
anthracite culm, etc.); and connected with high-tension lines to form
several main regional electric power grids (part B of the Plan).

Part A of "Goolro" plen was fulfilled by 1923, and part B around 1930,
In the First Piatiletka (1928 - 1932) the original "Goelro" plan was

extended, first by the increase of installed capacities in the alroady
existing plants and secondly, by building 20 moTe power plants, almost
all thermal. (See maps on Plates 1 and 2)

The main building of these power plants built up to the end of the

first Ifiatiletkn was usually a poured-in-place reinforced concrete

. frame structure with masonry curtain walls or brick panel walls and

3

steol or wcoden roof trusses. Columns were rigidly comnected to pourad-

in~place pile-supported foundations and were entirely separate from the

special pile-supported poured-in-place reinforced conerate foundations

for the machinery.

L L oSS

J
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Up to the end of the First Piatiletka very few hydroelectric
stations were built. The main reu:son for this slow-down was that
previously made geological surveys proved to be inadequate for the
construction of dams and that more accurate surveys and plans‘were
necessary,

Beginning with the Second Piatiletka (3933 = 1937) the construction
of hydroelectric statlons was sterted on a much larger secale.

The thermal power capacity was further expanded, mostly by additional

installations in existing plants, and by building not only some new
large power plants but also smaller local slectrical stations which were
switched into the steadily expanding regiomal grids. Larger new pover
plants were built, mostly in cities and around industrial centsrs.
(See map on Plate 3),

The poured-in-place reinforced concrete type of construction was belng

graduslly replaced by construction with precast reinforced concrete

elements, such as columns, beams, and girders; the plant foundations and

substructures, however, were still built of monolythic reinforced conerete.
This trond continued during the Third Piatiletke g - 1

During this time larger power and heat-and-power stations were built in

the East, in the Ural Mountains, in Siberia, and in Gentrel Asia; this

building program in the East was especially intensified during the Var,

During the War, precast reinforced concrete elements were not used

in the construction of pover stations because the precast febricating

plants were not operating,

S
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After the War, during the Fourth Piatilotka (1946 - 1950) the first

task was to rebuild the destroyed j:ouer plants, Next_, rural electrifi-
cation was greatly increased and extendod whenever possible by the con-
struction of small loecal hydroelectric plants, During the Fifth {1951 = 19- 55)
and the present Sixth (1956 - ) Platiletkas large hydroelectric projects

were carried out. The share of electrical energy produced by hydroelecrric
plants rose to 25% of the total,

In the design and construction of new thermal power plants more
standardization was attempted,

The powsr plante are under the Ministry of Electric Power Stations

and plans for new stations are designed by the Imstitut Teploelektro=proyckt.
The Institute prepares suggested master schemes for thermal plant con=-
struction. Precast reinforced concrete elements were prevailingly used

in construction of plants; also rigid welded steel reinforcing gkeletons
whick form the main reinforcement, for the conerete frames of the building.
Certain elements, usually roof beams, are of prestressed reinforced concrete.

In the design of power plant foundations, instead of providing a separate

foundation for each piece of auxiliary equipment, the design called for
a basement with a heavy reinforced-concrete slab foundation. only (1)
the columns have separate footings, and (2) the boilers and turbogensrators

rest on separate monolithic poured-in~place concrete blocks,

T
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With boiler efficiencies increased so that a single boller is
sufficient to serve ome turbogenerator, the design of thermal pover
plants has become simpler. The turbine hall is parallel to the boiler
house, the turbogenerators are placed lengthwise to the turbine hall,
and since one turbogenerator set longitudinally occupies the same space
as its boilers, the condensing equipment being placed underneath in
the basement, a block system boiler~turbine can be introduced. Instead
of a central fuel preparation system (pulverizing for coal and milling
for peat) at present each boiler has its own separate fuel prepaeration
unit. Because bollers and turbogenerator sets are now (1956) larger and
heavier, power plant construction has become stronger, foundations heavier,
travelling bridge crames of greater load-lifting capacities (100 -~ 200
me tons), and consequently columns and girders stronger. The cross-section
widths, however, of the boiler and turbine rooms can remain unchanged.

One of the building's end walls is made as a temporary structure to be

moved in case the plant is extended for the installation of new boiler-
turbine block units., The unit capacities of these mew boiler-turbogenerator
sets have been increasedf The boilers presently (1959 installed, work

at higher pressures (up to 300 atm,) and higher temperatures (up to

650°C = 1200°F), and turbogenerators can be installed at higher capacity
ratings (up to 150,000 kv,)
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MAP SHOWING THE MAIN SOVIET POWER STATIONS AT THE END
OF THE FIRST PIATILETKA IN PRINCIPAL INDUSTRIAL CENTERS.

Source: Prozhektor, 1933, No. 1, AP50.P76
PLATE 2.
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. : LIST OF REGIONAL ELECTRIC POWER STATIONS IN THE USSR IN 1936 - -
H . POWER STATION CAPACITY POWER STATION CAPACITY é
' ; 1. NIVA HYDRO-ELECTRIC STATION ©e. .. 30,000 KW. 30. OTHER CENTRAL POWER STATIONS OF THE DONBAS 45,000 KW. §
, - . 2. KONDOPOGA HYDRO-ELECTRIC STATION .. 4500 » 31. NOVOROSSISK REGIONAL POWER STATION . . . . . 20,000 =
; 3. LENINGRAD POWER STATIONS . . .. ... 378000 » 32. GIZELDON HYDRO-ELECTRIC STATION . . . 23000 = I
' 4. VOLKHOV HYDRO-ELECTRIC STATION .+ 66000 » 33. RION HYDRO-ELECTRIC STATION ... .... . 48000 » !
’ 5. LOWER SVIR HYDRO-ELECTRIC STATION + 100000 = 34. ZEMO-AVCHALI HYDRO-ELECTRIC STATION  \ 25000 »
- ¢ 6. MOSCOW POWER STATIONS . . 314000 » 35. DZORAGET HYDRO-ELECTRIC STATION .. . . 22500 » !
’ 7. SHATURA REGIONAL POWER STATION . 180,000 » 36. BAKU REGIONAL POWER STATION . .. . ... 176000 »
8. KASHIRA REGIORAL POWER STATION . 186000 = 37. KADYRYA HYDRO-ELECTRIC STATION . ..... 13000 »
9. STALINOGORSK REGIONAL POWER STATION 100000 » 38. BURJAR HYDRO-ELECTRIC STATION . . . - 3300 »
10. KALININ POWER STATIONS . . 18,000 » 39. B0Z-SU HYDRO-ELECTRIC STATION . .. . 3000 » i
11. WHITE RUSSIAN REGIONAL POWER STATION 20000 = 40. TASHKENT POWER STATION . . 3500 =
12. VORONEZH REGIONAL POWER STATION 24000 » 41. FERGANA REGIONAL POWER STATION ... . 8200 » i .
. . 13. BRIANSK REGIONAL POWER STATION . 22,000 » 42. NOVOSIBIRSK HEAT-AND-POWER STATION 35500 »
) 14. KIEV POWER STATION .. . 64.000 = 43. KEMEROVO REGIONAL POWER STATION 48,000 » :
i ! 15.KHARKOV POWER STATIONS (TOGETHER WITH 44. CHELIABINSK REGIONAL POWER STATION - . . .. 150.000 »
i ! KRASNOZAVODSK HEAT-AND-POWER STATION] 98,000 » 45. KIZEL REGIONAL POWER STATION . .. . 98000 =
: © 16, KRIVOI ROG REGIONAL POWER STATION - 44000 = 46. YEGORSHINO REGIONAL POWER STATION . . . 24,500 »
. | 17.RYKOV POWER STATION . ... . . - 6000 = 47. SVERDLOV REGIONAL POWER STATION . . 11000 »
18. KAMENSKOYE POWER STATION . .. . 48000 = 48. PERM REGIONAL POWER STATION - See. . 8000 »
: ' 19. ONIEPER HYDRO-ELECTRIC STATION 558,000 » 9. MIDDLE URALS REGIONAL POWER STATION - 50,000 »
: ' { 20 ODEssA PowER STATION . N . 37000 » 50. BEREZNIKI HEAT-AND-POWER STATION . . ..... 93000 =»
7} ' 2L NIKOLAYEVSK POWER STATION . 13500 » $1. KUIBYSHEV REGIONAL POWER STATION e 27.000 =
i 22. SEVASTOPOL REGIONAL POWER STATIONS 8000 » 52. STALINGRAD REGIONAL POWER STATION . .. 75000 »
23, SIMFEROPOL CITY POWER STATION . 1700 » 53. SARATOV POWER STATIONS - 22,000 »
24. YALTA CITY POWER STATION . . 1300 » 54. KAZAN POWER STATION - . 24000 »
5. ROSTOV POWER STATIONS . . . - 128000 » 55. GORKI REGIONAL POWER STATION . - . 204000 »
26. KRASNODAR REGIONAL"POWER STATION 10000 » 56. IVANOVO POWER STATIONS .. . 113000 »
., 27. SHTEROVKA REGIONAL POWER STATION .. ., 152,000 » 57. VLADIMIR HEAT-AND-POWER STATION - 3500 »
. i .38 ZUYEVKA REGIONAL POWER STATION . ... .200000 » 58. YAROSLAVL REGIONAL POWER STATION - 36000 »
{ 29. NORTHERN DONETS REGIONAL POWER STATION . 65000 » 59. ARCHANGEL REGIONAL POWER STATION 16.000 =
[THE NUMBERS AGAINST THE STATIONS IN THIS LIST CORRESPOND TO THE NUMBERS SHOWN IN THE CHART. J ‘
; e - . . . . e e -

i . CAPACITIES IN KW OF REGIONAL POWER STATIONS IN TEE USSR IN 1936 SHOWN ON MAP, FLATE 2.
PLATE 3A.
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¥HE GOELRO PLAN FULFILLED

b
“(EOUOH CHART OF THE REGIONAL ELECUUC]
36

~ MAP OF REGIONAL. POWER STATIONS IN THE, USSR IN 1936
Source: USSR in construction, 1936, No. 6, DK267.A1U3
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CHAPTER I
GENERAL LAYOUT OF THE MATN PLANT BUILDING

The larger thermal electric power piants in the USSR have steam
turbinea as primery movers, Steem piston engines have been completely
discerded, gas turbines are still only in an experimental stage and
Diesel motors are used in power plants of smsller capacity serving local
needs. The layout of plants has been influencad principally by the
kind, efficiency end size of equipment installed, by the kind of fuel
fired, and also, to certsin extent, by the type of the station, i.e,
whether it ﬁtsﬁacondsnsing or a heat-and-power producing plant,

The general scheme of a plent layout is mainly centered on the

proper placing of the boiler house as the most complex section of the

plant and on the grouping of the turbine hell and other sections in
relation to it,

When the steam turbine was introduced as the prime mover, the
total capacity of several boilers was necessary to produce a sufficient
dmount of steam for one turbine, In the first peat-firing plents built
in the twenties thérefore, we find that either: 1/ the boiler rooms
are placed at right angles to the turbine hall; or 2/ the turbine hall
is placed parallel betwsen two boiler rooms.

Exemples of the first type of arrangement arg:. 1/ the firsf.'
priority of the 204,000 kw, Cor'kiy GHES (see Plate 4y Fig, 1) vhich
has threo double~row boiler rooms, & boilers to a turbme* 2/ the first
and second priorities of the 180,000 kw, Shatura GRES (eee Plate 4. Fig, 2)
which has thres. single~row boiler Tooms, Msboilers to a turbine,
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An example of the second ‘oype of arrangement is the 100,000 kw,
Dubrovka GHES wvhero the turbifﬁ h.T'Ll 18 placed between two boiler rooms
and parallel to them (sec ;late 5)s

Hith the rapid advagce of boiler enginesring, the improved boiler-
turbide ratioc made 1 /ossi -] to lay out electric power stations with

the turbine hall an,/d/fqne boiler houss parallel. At first, when 2 boilers

gl

/o il
were still neede/z}//"fo ‘one turbine, the boilers were arranged either in
a double row, 89 in 38 152,000 kw, Shterovkla pulverized-coal GRES

(Plate 6) !9,1“ in a ‘4141 \-.‘l.e row but with scmewhat spresd-out turbo-generator
sets as in the peat-burding 1/20,000 kw. Ivanovo GRES (see Plate 7).
Further increase in boiler capacities made it possible to design stations
with one boiler instelled per turbine.

The turbogenerator sets are arranged lengthwise to the axis of the

turbine hell in all stetions, with the exception of the first priority
of the Shatura and the Dubrovke plants, where the turbogenerators are
installed crosswise.

The main building of a thermal electric power (or heateand-power)
statlon is composed of the following sectionss

1., The fuel bunker gallery section, in most cases with the peat~
milling or coal-pulveriz;ng installation (central or individual for each
boiler);

2, The boller houes;

3+ The smoke discharge section (smoke exhaust flues, induced-draft fansj)
4« The section of feedwater tanks, feedwater pumps, dea_ei'atbrs ete;

5. The turbogenerator hall and auxiliary equipment.
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Those sections can be clearly identified on the model of a
5 x 50,000 kw. pulverized-coal station (see Plate 8) or on the model
of a 200,000 kw. peat-firing power plant {see Plate da).

Different arrangements of these sections in relation to each other
characterize the specific types of the main building design of thermal-
electric power plants, The central point to be considered in'a power

. plant design is the location of the boiler hou’se as the most complex section
of the plant, . ’ '

The boiler house can have one or two free side walls - that is,
walls that do not adjoin the turbine rocm or its auxiliary section.
Outside a fiee side wall the designer can place the auxiliary sections
of the boiler house, namely: 1. the bunker section (bringing and storing
of fuel, and its preparation for burning, i.e. the milling or pulverizing
equipment) and; 2. the smoke dlscharge section (smoke exhaust flues,

induced-draft fans, smoke stacks).

According to the location of the boiler house, the main buildings

of thermal-power and heat-and-power plants can be ‘classified in four

general groups. ‘

b———

. U [
In the first group, the boiler house has cne free wall, outside of

First Group

vwhich is the fuel bunker section. In this group, the stacks are in or

next to the boiler house; they and the induced-draft fans are set on a

high specially-constructed frame, or on top of the frame that supports

the feedwater tank, pump, and deaerator section.

PN

3
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Second Group . - m
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The Second Group includes powér planis where the boiler house also
bas one free side wall, with the fuel bunker section adjoining, however,
the smoke discharge installations are separated from the boiler house.
Smoke flues are brought underneath the fiied bunk-er section, the induced-

draft fans are placed low, on the ground floor, snd.the stacks are separated

from the main building. 1 |

Third Group

|
I
i
|
'
i

of
= M el
AT A |

In the Third Group, the boiler house has two free side walls, the

fuel bunker section on one side and the smoke _discharge section on the other.

f . [

1
i

Fourth Group . ) '

3

The fourth Group is like the} Third In prificiple, buv arranged more

compactly, with the -fuel bunker section set in a frame common to that

of the turbine room.
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The design of each of the groups is based on the general scheme of
arrangement of the sectiony however, within the framework of one groupe

some Individual solutions i'n the design of tho plant are feasible. The

first group is the most common, especially in power plants built in the
twenties and thirties. '

Examples of the First Group arrangement are:

a. Zuyevka 96,000 kw. pulverized~coal GRES (see Plates9 & 9a).

b. Keuznetsk 108,000 kw, pulverized-coal heat~and-power TETs.
(see Plate 115

Stalinogorsk pulverized coal GRES (see Plates 12 & 12a)

d. Ivanovo peat-buraing GRES (sse Plate 7)
e. Stalingrad pulverized-coal GRES (see Plate 10)
The layout of the First Group has the drawback that:/'scmoke eliminating

arrangement is located either totally or partially in the boiler house,
and the induced-draft fans are placed at a high level, so that their
draft capacity is reduced. In the Second Group design, this problem is
solved by bringing the smoke exhaust flues to the lower level and placing
the induced-draft fans end smoke stacks outside the boiler house. Examplesg

of the Second Group ares

a. Nesvetay GRES ¢(see Plate 13)
b. Stalinsk (Mosenergo #11) TETs in Moscow (see Plate 14)

The First and Second Groups form the "compact" groupings of the

station sections. Bhe Third Group is called the "disjointed design", the

boiler house and the turbine hall being in different buildings., An example
of this arrangement is the Orsic TETs (see Plate 15).
The Fourth Group arrangement 1s the latest design of the power plant
. bu:'lvlding.\ Some power plants have already been bullt according to this
arrangement, probably the Cherepetsk GREE‘;; also Mirowovsk GRES and Slavyansk

GHES.

~a] Bamtanr
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Fic. 37.—GCorki regional station (plan view).

Fig. 1 - Gor'kiy Peat-F_ilring GRES

Fi6. 38.—Shatura regional station (plan view),

Fig. 2 - Shatura Peat-Firing GRES
THERMAL POWER PLANTS WITH BOILER ROOMS AT RIGHT ANGLE TO TURBINRE HALL.

Source: g;aétz, 1. ed. Electric Power Development in the USSR, 1936.
5 .E6. .

PLATE L.
Y
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1 - Peat car; 2 - Steel peet bunker; 3 - Peat chute to the furnace well; 4 - Furnace well;

5 - Mechanical chain grate; 6 - Furnace; 7 - 3-drunm water-tube boiler, capecity - 135/160 t./h.;

8 - Water economizer; 9 - Air preheater; 10 - Smoke-exhaust fan (induced draft); 11 - Forced draft
fan; 12 - Stack; 13-- Ash and cinder bunkers; 14 - Feedwater pipeline; 15 - Steam pipeline;

16 - Steam turbine, capacity 50,000 kw.; 17 - Condenser; 18 - Three-phase generator; 19 - Crane
bridge; 20 - Mechanical filter mesh; 21 - Circulation pumps; 22 - Water main; 23 - Drainage channel;
24 - Feedwater tanks.

DUBROVEA PEAT - FIRED GRES.

Source: Weitz, b. Blectric Power Development 1936. TKE5.EG, -1936.
Antipov, I. P: Arkhitektura elekrostantsiy, 1939. THESB1.AS.

FLATE 5.
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Site plan and sections of main buildings,
SHTEROVKA PULVERIZED COAL FIRING GRES (Capacity: 152,000 kw.)

Source: Stroitel'naga Promyshlenmost' 1924, #4, p. 242,
PLATE 64 '
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Blan of power plant,
1. Boiler house 8. Service quarters
;. mgisec}ﬁ;x{ 9+ Accumulator section
. ne hal] 10, 6,600 Volt gistributing installat
4. Control section 11, Locker room for worke?g ion.
5. Reserve transformers 12, Circuit breakers
6. 0il.section 13. Transformer section .
7. Hork shop 14, Cooling section :
SHTEROVKA PULVERIZED COAL-FIRING GRES ‘
(Capacity: 152,000 kw.)
Source: Stroitel'naya Promyshlennost', 1924, #4, p 243. -
. PLATE 6) ' -
' {
b by 28
e
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Main bullding, section and plan:

1 - Electric locomotive in the over-bunker gallery; 2 - Peat bunker;

3 - Peat chute to the furnace; 4 - Mechanical chain grate; 5 - Furnace;
6 - Boiler; 7 - Water economizer; 8 - Air preheater; 9 -~ Smoke-exhaust
fan (induced draft); 10 - Stack; 11 - Forced-draft fan; 12 - Ash and
cinder bunker; 13 - Turbogenerator, capacity - 24,000 kw.; 14 - Water
channel and sump; circuletion pumps; 15 - Drainage channel; 16 -~ Crane
bridge; 17 - Feedwater tank; 18 - Feedwater preheaters; 19 - Boiler
feedwater pumps.

. IVANCVO PEAT-FIRING GRES
Source: Antipov, I. P. and S. 8. Rekita. Arkhitektura elektrostantsiy,
1939, TH4S8L.AS.
Weitz, B, ed. Electric power developmnent, '13{85 .E6 1936,

PLATE &7,

-18-
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Bunker gallery

Boiler house

Induced draft fan gallexry
Puzp gallery

Turbine hall

Catwalk

MOIEL OF A 5 x 50,000:kw. PULVERIZED-COAL-FIRING GRES.
(Section through the Main Power Plant Building.)

Source: Antipov, I. P. and S. S. Rakita, Arkhitekture
Elektrostantsiy, 1539 TH 581, A5,

PLATE 8,

«1G=
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3
?

1 ~ Bunker :section with the peat pulverizing installation; 2 .Boﬂer house; 3 - Force
. -~ 1 - 3 3~ d draft £
gnd ;::)'!:;n:x!}:ﬁt installation; 4 - Feedwater tanks, ,feedv,.rajber pumps, deaer;toru ste, ’m\y;El

MODEL OF A 200,000 kw. FEAT-FIRING ELEGTRIC POWER PLANT.

Source: Elektricheshiye Stantsii, 1932, No. 7, front cover TK4.E725.
PLATE 84 .
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Cross section through the boiler house and the bunker gallery. The feed.pump and
:ank iection and the turblne hell are not shown ~ they adjoin the boiler house to
he right.

ZUYEVEA 200,000 kw PULVERIZED-COAL GRES

Source: Elektroenergetika SSSR 1934 p. 68 TK 1193 RO EZ

PLATE 9, 21—
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Cross section through +he hoiler house and the feedvater pump and tenk section.
The bunker section is to the left of the boiler house end the turbine hall to
the right of the feedwoter pump and tank sectlon.
ZUYEVKA 200,000 kw PULVERIZED-COAL GRES
Source: Elektroenergetika SSR 1934 p. 68, Tk 1193 RO E4 -

FLATE 9A.
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LEGEKD: FLATE 10

Belt conveyers
Raw coal bunker
Autonatic scales
" Ball mills’
Pulverized-coal injector
Pulverized—coal ducts
Fulverized—coal burners
Furnace chamber
Boiler
Alr prehoater
Smoke exhaust fan (induced draft fan)
Stack
- ‘Forced-draft fan
Cinder bunker
Ash bunker
Steam turbine, capacity 24,000 kw.
—Boiler-feed. pump
Feeduater tank

STALINGRAD PULVERIZED-COAL GRES

Source: Antipov, I. P. and S. S. Rakita, Arkhitektura Elekirostantsiy, 1939, TH.4581.A5
Weitz, B, Elsktrocnergetika SSR, ¥- 1, 1934, LTSRS ey s 1999
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Section through the main f_cmer plant building«. ) Smoke-disciiarge section is part of
boiler house with exhaust arrangement in upper part of structure.

STALINGRAD PULVERIZED-COAL GRES

PLATE 10.
.23t
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LEGERD PLATE 1A,

Bunker section. '
Boiler house.

Feedwater pump and tenk section.,
Turbine hall,

Switch boards.

Service accommodations,

LEGEND: FLATE 11

1 = Belt convoyera; 2 = Raw coal bunker; 3 - Automatic scales; 4 - Ball mu.ls; 5 = Dust remover
conveyera; 6 -~ Worm dust conveyers; 7 - Pulverized-coal burnors; 8 « Vorm conveyer feeders;

9 - Fulverized-coal burners; 10 = Jurnace; 11 - Boilers; ]2 - Air preheater; 13 -~ Ash intercepting
cyolone; 1/ - Induced-draft fan; 15 - Stack; 16 - Forced-draft fan; 17 - Cinder bunker; 18 - Ash
bunkers 19 - Stesm 1line.to the ongim room; 20 -~ Steam turbine; capmcity = 24,000 kw; 21 -~ Gondsnaer)
22 = Water outlet liness 23 ~ Craue bridge; 24 - Station distributor; 25 - Feedwater tankl;

26 - Feedwater preheaters; 27 - ﬂfﬁet-_feodvater pumps; 28 = Feedwater linej 29 « High pressure
heaters, S

| KUZNETSK P&Lmnmm-con TETe OF THE METALLURGICAL FLANT.
Sources AntiPQVs I. P. Arkhitekura Elektrostantsiy, 1939. p. 177. TH 4581, AS.

FLATE FLATE 11A.

[
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Section through the main plant building.
KUZNETSK PULVERIZED-COAL HEAT~AND-POWER STATION TETs
FLATE 11.
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PLATE 12a: STALTNOGOHSK PULVERIZED-GOAL GRES
General layout of the power plant building on the bunker side
and coal conveying and crushing installations,

1 =~ Coal-crushing installation; 2 = Coal-bunker section;
3 - Boiler house; 4 - Water tank and pump section, with smocke
exhaustes and stacks are installed above; 5 - Turbine hall.

Sources Weitz,.B,, Electric Power Development in the USSR, 1936 TK85.E6,
and Antipov, I. P. Arkhitektura elskrostantsiy, 1939. THL581.A5

LENGEND: FLATE 12

6 - Ball nills; 7 - Pulverized—coal bunker; 10 - Boiler room;

11 - Boiler-feedwater pump; 12 - Switchboard; 13 —~ Water tanks;

15 - Induced-draft fan gallery; 18 - Steam turbine; 19 - Circulat-
ing pump; 21 - Control room; 22 — Switching and distributing
installation.

-
‘
—
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Cross section thmugh‘ the main power plant building.

STALINOGORSK PULVERIZED-COAL GRES
PLATE 12.
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Legend To Plate 13a —ere

1. Turbine hall : J
2. Feedwater-pump and tank section :
3. Boiler house !
4. Bunker section :
5. Switchboard for lights i - <.
6. Transformers B 9 e
7. Switchboard for 500 volts . -
8. Personnel accomuodations g P
9. Electric filters. : :

10. Smoke eliminating section

11l. Stacks.

12. Chemical water-cleaning installation
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: Plan of the first floor of the main building. - :
NESVETAY PULVERIZED COAL GRES. '
PLATE 13A.
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Section through the main building.
NESVETAY PULVERIZED-COAL GRES
Source: Antipov, I.. P. Arkhitekturs Elektrostantsiy, 1939, TH.4k581.A5, and
Elektricheskiye Stantsii, 1947, Bo. 5, TK4.E725.

PIATE 13.
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1EGEND: FLATE 14

Belt conveyers
Rav coal bunker
Duct

Automatic scales
Drying duct
Drying cyclone
Mills

Pulverized-coal separator

Pulverized-coal cyclons

Mill fan

Primary air fan

Primary air collector

. Palverized—coal worm conveyers

Pulverized-coal bunker

Pulverized—coal ducts

Pulverised~coal burners

Furpace chamber .
Three-drum ‘boiler; capacity 150-180 t./1.

Air heater

Electric filters

Induction fans

Forced-draft fans

Steam pover and heat turbines; capacity - 25,000 kw.
Vater heating apparatus for district heating lines
Deaerators

Feedwrior tanks

Stations own - need switchboard

sl
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Sectlon through the main building ~ Stacks located 40 m, apart from the building on side of
the bunker section are not shown on the drawing.

STALINSK (MOSENERGO #11) PULVERIZED-COAL TETs IN MOSCOW

Source: Elektricheskiye Stantsii, 1947, #5 and #8, TK4.E725
Antipov, I. P, Arkhitektura Elektrostantsiy, 1939, TH4581.A5.

PLATE 14. Y
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of the station.

ORSK PULVERIZED-COAL
Weitz, b., FElectric Fower Develorment in the USSR, 1936, TKS5. B,

Antipov, I. P. Arkhitekiura elekrostantsly, 1939, TH4581.A5.
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Type of "disjointed” de of
With the front of botlerd Hid turbine harr, T ARCSd-drert fans an

ORSK PULVERIZED COAL TETs

CROSS SECTION THROUGH THE MAIN PLANT BUILDING

Sowrce: Weitz, B. Electric power Devel
opment in
Antipov, I. P. Arvkhitektura elekrostantsiy, 1939, ms&l.ﬂrs.?& s

PIATE 15.

‘the USSR, 1936,
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Plan of the m?m puiidiné.
CHEREFETH PULVERIZED-COAL HIGH FRESSURE GRES
Source: Elektrichevsikiye Stantsii, 1947, No. 5, p. 11 TEN.ET25.
PLATE 16A.
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Cross section of the main bullding.
1 - Boiler; 2 ~ Induced-draft fan; 3 - Shaft mill; 4 - Cyclones; 5 - Belt feeder;
6 - Turbogenerator; 7 -~ Electric feed pump; 8 ~ Turboine-driven centrifugal feed
pump; 9 - Deaerator; 10 - Forced-draft fan; 1l - Steff accamodation.
CHEREPETS PULVERIZED-COAL HIGH-PRESSURE GRES
Source: Flektricheskiyc Stantsii, 1947, No. 5, pe 11, TEM.ET25.

PLATE 16.
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CHAPTER II

CONSTRUCTION OF THE MAIN POVER PLANT BUILDIKG

1. DING MATERIALS

The principal building materials used in the construction of the main
pover plant building and the switch houce are the following:

a. Roinforced Concrete = monolithic poured-in-place (with either bar

zif“ld rigid welded steel skeleton reinforcement) and precast (w:l_.th bar é;i
pre~-stressed wire reinforcement). Reinforced concreto is used for frames,
colwnns; beams, girders, floors, foundation blocks, slabs and mats, roof
supporting beams, well panels, roof covering slabs, and stacks;

b, Steel - used for frames, colums, beams, girders, roof trusses, open
steel grid floorings, window sash, steel plate stacks (vhen the stacks are
built on top of the building);

Ce Brick - used for curtain wells braced to structural steel or rein-
forced concrete frames, also for stacks.*

d. Hood - now used very seldom in any part of the power plant building,
In earlier plant construction wood was used for roof trusses (later replaced
by steel tru;ses) and roof sheathing (laterreplaced by reinforced concrete
slabs). At present wood is +ill used for roof trusses, roof sheathing,
windov sash, etc. in office and staff sccommodation buildings.

2. A. COHSTRUCTION TREATMENTS O 5 MATH POUER PLANT

The construction of thae main pover Plant building has received differont
kinds of treatment, depending ms:inly upon the time when the plant was built
and the type of the plant layout.

¥ In older stations brigk was used for wall-bearing construction, but now is
very seldom used for the main power plant building,

~36=
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Structural practice in the building of power plants has varied widely
with time mainly in that the prevailing use at the outset of Soviet rule
of poured-in-place reinforced concrete with bar reinforcing for the
main supporting frames afndtelementsiof the bldldihg has been gradually
shifting to the use of poured-in-place reinforced concrete with rigid
velded steol skeleton reinforcement and precast reinforced concrete parts

with reinforcement of bars and prestressed wire.

The type of the plant layout influenced its construction mainly
because in the main power plant building the two-story wide-span and
higheroof transverse frames of the boiler house and thé turbine hall
can be differently arranged with the multistory short-span frames of
‘the bunker, smokexeliminating and feed-water pump and ‘tank sections,
and with those different arrangements different parts of the building

cen serve a&s the principal structural supporting frames.

The first Soviet power plants (Shatura, Dubrovka, first part of
~ the Gor'kiy planti) have special layout desigus and are built in a different
way from eny others, The Shatura peatefiring plant (Plate 4, Fig. 2)
had two and later three separate boller houses with separate bunkér
sections built transversely 't.,o the turbine hall which connects them.

Separate steel trestles for peat delivery are built for each boiler house.

The main power plant building is therefore not ome compact structure,

but consists of four separate buildings (3 boiler houses and one éonnecting
turbine hall)., The buildings are const;'ucted as separate reinforced
concrete frames with brick curtain walls and steel roof trusses. The
Dubrovka peat-firing power plant (Plate 5) has the turbine hall located
between two boiler houses and its steel roof trusses are placed on brackets

supported by the columns of the two adjoining boiler houses frames.
...37 -
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These early pover plant designs did not form any patterns to be
followed in later built plants, The subsequent power plant layouts
were of tho four prineipal typos descrived in Chapter One. Power plants
huilt in the twenties and eerly thirties belong mostly to the First Type;

In the sccond part of the thirties the design of the Second Type was

e e e T

introduced and became the prevailing pattern up to ard after the var, when
Type Four was dosigned. Type Three design did not become popular and there
are few examples of this type of layout.

B. CONSTRUGTION OF THE MAIN POWER PLANT BUILDIRG OF THE FIRST TYPE DESIGN

The maln structural fcatures are:
Structural typss: poured-in-place reinforced concrete frames or stesl

frames (in cases vhen the load-hearing capncity of the 30il was low and

there was danger of foundation settlement, or when the construction job had

to be completed in a short psriod of time).

i
[
;‘
H
!
¢
!
)
+
?
H
£
H
:
i

f

i
¢

Wall coverinps: brieck curtain walls.

Roof construction: Steel trusses, and reinforced concrete roof beams.

Roof coverings;wood sheathing boards, later changed to reinforced
concrete slabs,

Flcor construction:t reinforced concrete slab, beam and girder con-

struction and steel grids on steel stanchions.

Crane girders in the machine well: -steel, solid web,
Overhead bridge crangs: inte generator room.
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Reinforced concrete columng of the outside wall of the generator room
are built in four different ways;

1. Column of a rigid bent. |
2. Stepped column. !
3. Double colwm. ;
4o A=type colunn.

Fig. 5 - Reinforeed concrete crane
colusns for generator room.

depending on the type of roof-supporting structures (steel trusses or

reinforced concrete beams) and the load~lifting capacities of the overe

head bridge cranes,

Foundationgs poured-in=place reinforced concrete slab ard mat footings
{often on wood or concrete piling in lines or clusters) and separate
monolithic reinforced concrete blocks for each boiler and each turbogenerator
sot., The reinforced concrete blocks for the turbogenerator sots have a
specialfora in order to permit the installation of pipes and cables aleo the
condenser. Typical reinforced conerete foundation block for a turbogenerator
set of 50,700 kv, and 1,500 rpm. is shown on Flate 18a, Fig. 1. These
foundations arae set 4 m. (13 £t.) underground, and as a rule, are placsd on
clusters of wood or concrete piles.

Stacks: steel plate with an inside protective coating. They are placed
on the roof of the main tmilding extending 7-8 m. (23 = 26 f't.) above the
roof top, 2.5 = 3.0 (8 =10 £t.) in dimmeter.

The Bay lengtht 5-6 m. {16-20 ft.) with the cxception of the 1nner

wall of the bunker section and the boiler room whero the columns placed

between boilers are spacod 1518 m. (49-59 ft.) -39~
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s_supporting th oke-elimipat talla

In some buildings of the first Group design the smoke~cxhaust flues,
induced-draft fans and stacks are piacad on a special reinforced concrote
frame built in the boiler house. This special frame ls supported on one
sido by the columns of the feed pump and tank section frame and on the
other side by reinforced concrete columns erectgd between boilers,

Tn other stations of this first Group the smoke discharge install-
ations are placed directly on top of the upper floor multi-gtory frame

of the feed pump and tank section.

Construction of gome main power t buildings of thg Firgt G .

-#ne Ivapovo 100,000 kw. peat-firing GEES is shown in
Plate 7. The trusses of the boiler house rest on the reinforced concrete
frames of the bunker section on one side and of the turbine hall on the
other side. Inside the boiler house space the 3-story poured-in-place
reinforced concrete frame of the feed pump and tank section is built, and
on the top floor of this frame are placed the induced-draft fans and the

steel stacks. In the frame for the turbine hall and feed pump and tank

scotions the columns are onilb.. ft. centers; in the bunker sc'«ction frame

on 49.2 ft. centers, The roof of the boiler house is supported by
Herren-type combered steel trusses of 86 ft. span. In the bunker section

and the turbine hall the roof is on reinforced concrete beams. The roof

covering, originally of wood sheatﬁing, was later replaced by reinforced

concrete slabs covered with ruberbid. The outside walls are brick, of

the curtain type.

J .
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In the Stalingrad pulverized-coal GRES (Plate 10) the smoke-climinating

installations ars placed on a special monolithic reinforced concrete frame
in the boiler house spuce; it rests on reinforced concrete columns placed
between the boilers at one end and on reinforced concrete columns of the
fesd pump and tank section frame at the other. On top of this special
freme short colwms are placed, which support one end of the Warren-type
parallel-chord steel roof trusses. The other ends of these rest on the
reinforced concrete three~story bunker frame. The special frame for the
smoke~sliminating section adjoins a 5-story reinforced concrete frame

of the feed pump and tank section, which forms a part of the reinforced
concrete frame of the turbine hall. The roofs of the bunker, feed pump
and tenk sections and the turbine hall are supported by reinforced

concrete beams. The roofing is of ruberoid laid on reinforced concrete

DR NER AR

slabs,
The Zuyevka 200,000 kw, pulverized-coal GRES {Plate 9 and 9a) has

a construction very similar to the Stalingrad GRES.

i et e

In the Kuzngtek pulverized-cosl TETe (Plate 11 and 1la) and in the
Stalinogorsk pulverized-coal GRES (Plate 12 end 12a) the sroke~climinating
section is placed diréctly on the monolithic reinforced multi-story frame
of the feed water pump and tank saction, In each plant the stesl roof

" trusses of the boiler house are supporte:i by the réinforced concrete
frame of the bunker sedtion at one end “epd- by that of the fesd water
pump and tenk scction at the other., 1In ‘both stations the frames of the
building are of poured-in-place reinforced concrete with reinforced

concrete roof bemms, except in the boiler house and in the turbine hall,

wherc the roof is supported by steel trusses. 'The roofing is of ‘rubers,i;d -

laid on reinforced conerets slabs.
41~
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The construction of othor power planta belonging to the Frst Type
built in the twentles ard thirties is similar to the one described above,
tut vith soze minor differancos.

A postwor desipm of the First Type, ulso has main supporting frames of

pourad—in-place reinforced concrate, mot with ordinery bar reinforcing but

with velded ripid stecl afatons (ses Flates 17a). This mothod has the

advantage of eliminating the nocossity of seaffoldings for the entire

building to support the forma for the poured-in-place conerete; used instead
are cuall portable forms suspended from the rigid welded steel skeloton. This
rigid steel skeleton lis atrong enough to carry its own velght and also the
woight of the susperded forns £i1led with fresh wet concrete. Vhen the
concretc hardens in ons secticn, the portable forms are tranaferred to the
next. The rigid welded steel ckeleton, ewbedded in the pourcd concrete,
acts as ite reinforcing. On Plate 172 the two frames of *he bunker ard

the feed=wator pump ord tark sections are shown. The roof trusses of the
boiler honee ere supporied by those tuwo fremes. The turbine hall, located
to the left of the feed-water pump and tapk section, is not shown on this
diagrom, Induced-draft smoke fans ere placed directly on top of the

foed-uater punp ard tank raini‘orceﬁ‘ concrete frame vhich alco supports the

steel plate stack 14 m. (46 £%.) high, 4 m. (13 £t.) in diameter and

weighing 26 m. tons.

The details of the losd-beering skel_eton reinforcenent are shown on
Plate 170. The welded steel skelcton of a column is composed of four

laced angles, Supplementary reinforeing bars are placed at the outer edges

-l
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of the sac;hion. Special supporting angles are provided for the assémbly
of rigid ‘frames vhich congist of girders, beams and braces. The commection
of column sections is made with the prircipal four angles and with the
supplementary bar reinforcements.

C. STACKS

Moin power plant buildings of the First Type desién cen sasily be

recognized as they are the only ones ww having stecks placed on the roof.

The other three types have freestanding stacks outside the main building.
Those stécks areférick or reinforced concrote construction (Flate 19).
They are located approximately 57 m. (164 ft.) from the main power house
building, ard arc connected with it by 2-3 undergrourd smoke flues. At
tho bage of the stack the flues are brought to the surface ard are
connected with the stack shafi. The connection of the flue to the stack
is reinforced with a cast iron ring 5 cm. (2 in.) thick,

At the botiom heside the flue conrectiontwo socot doors are provided.
The stacks stand on reinforced concrete foundation mats supported by rein-
foreed concrate piles. The heipght of stacks is detormined by the fuel
combustion draft requirements and also by the amount of sulphur in the
smoke discharge. Some Soviet coals have a high sulphur content, and
special smoke cleaning installations havgig';vi"sed to eliminate injurious
sulphuric gases feem the smoke. Previously, without these cleaning
installations, much higher stacks were necded than those buill urder
current practice.

The brick maronry stack shown on Plate 19 Fig.l is 120 m. (394 ft.)

high . Its foundation is a reinforced concrete mat supported by 252 reinforasd
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concrete piles, Up to the 20 m. (66 £t.) level tho stack is ootegonul with
an inside diemetor of 9:95 nm. (32 ft.) and an outside diemeter of 13.20 m.
(43 £t.). The shaft is straight vertical up to the 66 ft. lovel. Above

66 £t. the stack is round and conical with an outside diameter of 12 m.

(39 £t.) at the bottom and 5.76 m. (18 ft.) et the top. The brick walls are
103 cm. (40 in¢) thick at the bottom end gradually are reduced to a thickness
of 0,38 m. (15 in.) at the top. Up to the 20 m. (66 ft.) levol the chaft is
lired With a fire brick lining 25 cm. (9.8 in.) thick, vﬁich is insulated
from the structural brick masonry by a 10 cm. (%/ in.) layer of tripoli. In
the upper conical paert of the shaft the fire brick lining is 12 cm. (%28 in.)
thick and the insulation tripoli layer is 5 cm. (%2 in.) thick.

The monolithic reinforced conerete stack shown on Flate 19 Fig. 2 is

115 m. (377 Ct.) high. It is divided into 7 sections, each section being of
constant wall thickness deereasing from 1,05 m. (41.3 in.) in the bottom
section to 0.8 m. (31.5 in.) in the top section. In order to protect the
yoinforced concrete from the corrosive effect of the sulphuric gases the
stack has & fire brick lining 25 cm. (9.8 in.) thick in the first three lower

sections and 12.5 em. (4.9 in,) thick in the four upper sections. The out~

side dismeter of the stack is 10 m. (32.8 £t.) at the bare and 5 m. (16 £t.)

at the top.

D. CONSTRUCTION OF TIE MAIN POVER PLAKNT BUTLDIKG OF THE SECOND TYPE DESIGN-

Structurally the most importent difference between the First and the

Second Type design is the removal from the boiler house of the smoke=-

eliminating instellations. The boller house is loceted between the bunker

section on one side and the feedwater pump and itank scction on

e e s #atad e i i WA £33 P DR
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the other, These two multistory short-span frames and the outside wall of
the turbine hall constitute the main load=bearing olsments of the building.
The columns of the bunker and of the feedwater puap sections adjacent to the
boiler house have stepped extensions which supprort the roof trusses of the
boiler house. The smoke flues at *he back of boilers are laid cn the ground
floor of the bumker section, where the smoke-cleaning eyclonés and induced-
draft fans are also installed; sometimes they are placed outside the main
building in a special small annex building which stands between the main
building and tho freestanding stacks,

Main structural features of the main building of the fecond Type desipn
are similar to those of the First Type design with some changes:

Structural typet reinforced concrete frames are built mostly of pre~

cast structurel members of complete structural parts of the frame, #fter the
War, in 1946, a now method for reinforced concrete frames vas designed by the

Teploelektroproyekt, namely monolithie reinforced concrete frames with ripid

lodd-bearing welded steelskeletons as reinforcement. This method was also

applied to some powsr plant buildings of the First Type design built after the
Har,

Flates 204 - 20F show the details of this kind of construétion. The
steel wolded skeletons are prefabricated in sections of one or a group of
structural membors, forming s part of the {rame. Thoso prefabricated parts
veighing 3 to 5 m. tons (depending on the 1ifting capacity of the assembly |
erane), with wood or steel forms attached to them are then lifted and
welded to each other in the process of building e rection, and the concrete
is poured into these forms., Somotimes the monolithic partz are combined with
some precast structural members as shown on Plate 20B fig. 8. Besides

reinforced conerete frames gteel frames are also used, / Ry ee/,/?/a,/z /e /

Ll B
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(See Plate 21). The main steel frames are shown in Fig; 1 vith the
section of principal structural members, Figs, Zand 3 give two different
trantme;xts of prineipal frame connections, the rigid-frame type (Fig. 2)
and the later type with hinged frame connections (Fig. 3).

At present (1957) the construction design of steel frames is based
on the following principles:

1. The transverce combined fpame is composed of main supporting
rigid frames snd adjoining ninged structural members.
' 2. The number of rigid joints is képt at a minimum and they ars

executed in the form of comnections hetween columns and trussed croas girders.

3+ The transfer of transverse stresges in joint comnections is

accomplished through supporting plates and the connection between con~
tinuous girders and columns is made by flange joints,

4« The solid web column and continucus girder sectiona are made
in I-form composed of three built-up plates,

Hall coverings: brick curtain walls for the turbine hall outside
wall era 51 em. (20 in.) thick; for the bunker section outside wall,

38 cm. (15 in.) thick. ‘
Roof construction: steel truas_eé and reinforced concrete beams, .
2oof covering: reinforced concrote 'slabs_.
Roofing: rubsroid or corrugated steel sheetsd (%}hen’mpi‘ stipporging
construction is of steel trusses with steel puz-ling. ?.

Floor copstruction: reinforced concrete slab, beam and girder

construction and steel grids on steel stanchions,

Overhegad bridpe crangs: in thé turbine hall and often in the

boiler house, ’

s
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Crane girderg: steel.

Roinforcod concrete columps: for the outside wall of the turbine

hell - as in First Type design (see p.89).

Foundatjons: the separate poured~-in-place reinforced concrete
foundation footings for each place of auxiliary machinery has been replaced
by a monolithic reinforced concrete bagement floor mat on which all
auxiliary machinery equipment and cables are laid, (See Plates 18s and 18C,)
Separate poured-in-place reinforeed conecrete footings were sti1l used
for each column and for each boiler, and 8pegial reinforced conerete blocks,
placed 4 m. (13 ft.) underground for each turbogenerator unit (see Plate 184).
In monolithic construction with rigid steel welded skeleton reinforcement
the embedment of the column in its foundation footings is shown on Plate 20D,
Fig. 5.

Stagks: are built outside the building as described above under C.

Examples of the Second Type design construction arei the power plants

in Nesvetay (Plates 13 and 134) with separate building for the smoke=

=eliminating section; ang in Moscow, the Stalinsk TETs (Plate 14), where
the smoke-eliminating installations (electric cyclone filters and induced-
~draft fans) are placed on the ground floor of the ‘boiler house., The

Neavetay main pover plant building, built in 1936-38, has stesl frames,

one for the bunker section, the other a combi'ned transverse two-aisle frame
. for the feed-water pump section and the turbine hall with continoous
two~-span transverse girders. The steel roof trusses of the boiler house
are supported by the stepped colﬁmns of the bunker seetion and of the
feed=water pump section, The transverse frames of the machine hall ang

feed-wnter pump section are on 6 m, (20 £t,) centers and of the bunker section

,(5/&’7 -

RN . L} . -
oy : - 0008-4
Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R00160008




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

on 9 m, (30 'i‘t.) centers, The smoke-eliminating section ammex has trensverse
steel bents. The boiler house and the machine hall are aquipped with overe
head bridge cranes. The Kurakhovka GRES (1.70 597 N, 37° 19t E) is sinilar to
the power plant in Naesvetay.

The_ Stalinsk 'TETs in Moseow haa reinforced concrete frames partly of pree

cast structural members, The roof trusses in the turbine hall ard the boiler
house are of steel; the burker and the feed-water pump sections have reine
forced concrete roof beams, The boiler house has no overhead bridge crane.
Of interest aro the foundations of the boiler house s tuilt as one monolithie
roinforced concrste mat.

E. CONSTRUCTION OF THE MAIN POWER PLANT BUJLDING OF THE THIRD 1YP] DFSIGH

Structurally the main differenco bstwoen the Second and the Third Tyre
design is the "disjointing" of the main power plant building into two geparate
buildings. One contains the boiler housc, placed between the bunker zection
on one side and the mmoke-eliminating section on the other. The other building
containe the feedwater pump and tank section and the turbine hall; it is
comnected with the first building by an 80-100 ft, long gallery housing the

switching instdlations, The main structural features do not differ from those
described for the Second Type design. This type of construction has not been
uidély used, as it proved more expensive and required a wider ares than other

" types. /An example of this type if the Orsk TETs (plates 15 ard 15A), built as

R e —

reinforced conerete frames with reinforced concrete roof boams,

F. CONSTRUCTION OF THE MAIN PONER PLANT BUILDING OF THE FOURTH TYPE _DESIGN

This type is the latest in Soviet power plant construction. It wasg
designed by the Institut Teploeloktroproyekt in 1947. A% that time

B

[ L
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also. ney éogulations wore issued under the title nppinciple Regulations
Governing the Design of Electric Fower: Plents, Subsiations, end Heat
and Pouer Distributing Systems." Main articles of those regulations
relating specificolly to the atructural part of the main power plant
building construction are annexed at the end of this chapter.

The Fourth Type design has been provalent since 1950, in the Fifth
apd Sixth Pistiletkas; some power plents of the Second Type dsign,‘
howsver, oo still balng built. 7he layout of the Fourth Type design is
ghown oD p. /2 ., The mnin structural features are sinilar to those of
the Secord Type design (sce p. ).

The Fourth Type layout has been designed in steel, in monolithic
reinforced concrete with rigid welded steel gkeleton roinforcement and
in precast reinforced concrete with some prestressed-uire—reinforced
structurel memberd.

The steel frame construction is shown on Flates 224 and 228, ‘*Etgg_:

transveres frames of the building are on Fig. 1 with the mein
structural members given. (Allowable stesl stresses 1400 kg/co? -
19,900 1b/ir?). Tigure 2 shows the boiler house and the turbinme hall’
as rigid steel frames. The atoel columns between the bunker and the
fecd uater pump section are connected with those two frames by hinged

atructural members. 411 steel columns are rigidly connected with their

fourdation fooi:ings.. The weight of steel required by this design is

given in the table on Flate 228, Flate 22C shows the dotails of the

principal joints.

arother desimn of the Fourth ‘I‘me 1n s‘wel 1:3 shozm on Plates

234 and 23B. Hers two alternatives are considered. In the i‘:.rat schame
the combined i‘rama of the bunker and feedwater pump
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principal rigid supporting element of the whole building, with the two
outside wallsof the turbine hall and the boiler room attached to this

contral frame by hinged structural membors,
In the second scheme the two other frames of the building, nomely
of the boiler house and of the turblne hall are made rigid; they are

connected by hinged structural members to form the middle frame of the

bunker and the feed~water pump section. The second scheme is considered

more advantageous and casier in agsembly, having & gmaller number of

rigid joints.

The construction of the Fourth Type in monolithic reinforced concrete

with rigid welded steel skeleton reinforcement is shown on Plates 24A and

2/B. The transverse frames of the building are shown on Fig. 1.

For this medium-size power plant the weight of equipment on one
square meter of floor space is calculated to be 1 m, ton (0.48 lb./ftz).
The floor heights are 12-18 m, (39-59 ft. ). The loed on a column in the
lower floor sections is calculated to be 400-600 m, tons.

The combined two-aisle muitistory frame of the bunker and faed-water

pump sections is built as a monolithic reinforeed concrete frame with
rigid welded steel skeleton reinforcement. It consists of a lattice of

steel angles and round bars welded together. The frame of the outside wall

of the turbine hall is of reinforced concrete. The frame of the beiler
house {except the inside wall up to the 25 m. (82 ft.) level) with the
;upper floor of the bunker section, and the structural members supporting
the roofs of the turbine hall and boiler house are of steels

The inter-story floors in the bunker and the feed-water pump séctions

L
i
%
)

are of beam-and-slab monolithic reinforced concrate construotion,

50~
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Details of tho steel skelaton reinforcement of the monolithic
peinforced concrete frame of tho bunker and the feed-water pump soq@iens
ars shoun on Plates 244 and 24B, In the process of construction the rigid
welded stecl skeleton supports only jts own weight and the weight of forms
which are attached to it and filled with poured-in-place wet concrote
for the hoight of one storye.

When the building is finished the frame members must carry the complete
dead lond of the building and also of the equipment. This combined load
is mach grestor than that during cqnstruction: for girders and beams
2-3 times greater, for colums in lower story sections 8-10 times greateTs
Thus the original rigid welded steol skeleton is mob sufficient, 88 the
final reinforcement and additional reinforcing steel round bars must be
added. The stesl skeleton is mounted in prefabricate& goctions of steel
members for one floor together with attached wood oTf ateel forms as shown
on Fige 7.

A11 columns &re rigidly embedded in thelr reinforced concrete stepped
footings. The erection of the rigid steel skeleton for the punker section

15 shown on Plate 248, Fig. 8.

In 1956 the Institut Teploelektroproyekt designed a uniform constg;gtj‘on
scheme of the main power plent building of the Fourth Type layoub in precas}

reinforced_concrete. (Plates 254 = 25D)

On Plate 254, Fige 1 the croes—sectiozi through the tuilding is shown
with the transverse precast reinforced concrete frames, and sections of
their principsl structural memberse The suggested dimensions of the plant
meke it possible to install turbogenerators of various capacities

(25,000, 50,000 and 100,000 Jw.) and boilers of 160 to 220 t,/nr. ste

51
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Produeing capacities without changing the aisle span or the bay length of the
‘structural frames. In case some additional units should be ingtalled the
building need only be extended lengthwise.
Acecording to this design a TETs of 150,000 kw. capacity will have
26 bays each 6 m. (19.7 £t.) long making the total length of the building
156 m. (512 ft.). The two-aisle multistory rigid frame - Plate 25a, fig. 1
(rows B, G, D) of the bunker snd feed water pump sections ensure the trans-
verse gtability of the building. The outside columns of the turbine hall
(row A) and of the boiler house (row B) are connected to the centra}; rigid
frame by hinged roof beams. The longitudinal stability of the building is

ensured by longitudinal girders connecting the transverse frames and columns
in the outside rows. A1l the elements of the building superstructurse
(columms, girders, beams, floor and roof pameld are of precast refiforced

conerete. Wall coverings are of reinforced foam concrete panels.

£
For columns, concrete "300" is used (with a compressive strength of

300 kgo/en® = 426 1b./in?); for all other members concrete n200" is used
{(with a compressive strength of 200 kg./cn? = 28/ 1b./in?.)

The cross sections of the columns have a uniform width of 0.6 m. (24 in.)
and depths of 2, 1, 0.8 and O.§ n. (78, 39, 31 and 24 in.).

For the inter-story flvor covering a uniform type of panel is selected
(Fig. 2). These panols have two longitudinal and five transverse ribs. The

pamels are 5.35, 5.55, 565, 5.97 m. (17.6, 18.2, 18.6, 19.6 £t.) long and

1.49 ma (4.9 £t.) wide. Rebates 60 x 70 mm. (2,36 x 24,76 in.) are provided
along the longitudinal ribs of the panels for setting flat cover plates fof

floor ppénings. The openings between panels are obtained by woving apart the

kN

BT ) e s T -

panels for the necessary dlstance.
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The bunkers are designed in the form of two longitudinal partitions made
up of precast reinforced concrete ribbed pasnels which are supported by beams
rasting on the cross girders of the frame. The franaverse partition walls of
the bunker also serve as crolas-girders of the bunker section frame; on them
rast the floor panels at floor level 23,00 m, (76 ft.). The bunker fecd
hoppers are of steel. ) .

The roof beams of the turbine hall (span 27 m. = 8846 ft.) of the boiler

bouse (span 24 m. = 78.7 £%.) are of precast reinforced concrete with pre-

stressed wire reinforcement. They support large reinforced concrete roof
ranels.,

The precast structural olements are fabricated in sections weighing not
mors than 15 m. tona, At the building site the prembricate_d sedtions of the
colunns are Joined together to form sections weigh:lng up to 40 m. tons, if
they are to be assenbled in places where the crane beam can lift such a load.
Thus moat colums are erected completely agsembled, with the exception of the
outside w1l of the boiler house, where the assembly jib crane beam is most
extended and can 1ift only shorter sections, which must be connected in the
process of erection.

The column sections are conﬁeoted on the ground by welding the pro-
truding bars of their roinforgement and then pouring concrete over the Joint
to make it monolithic (Fig. 3). The connection of column sections in the

process of erection (fisld joints) along row D s accomplished by welding

the reinforeing bars of these sectlona, but without pouring concrete over the

Joint, because of the considersble height at which the work must be done
(Fig. 4). These joints are provided with central steel plates for better
transfer of vertical forces, and with steel side plates welded to steal

hoops, to festen the two comneeting column elements so as to witlistand any

berding moment which might ogcur in the colum joint (Fige. 4). The ends of
5=
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column elements to be conneoted are reinforce& with steel mesh which increase
tho strength of the concrote in the erea of loeal compression. To align the
two connecting column elenents asgembly bolts are provided. After adjustment,
the side plates e.x;e velded and the assembly bolts and supporting angles ere
cut off. Then the joint is cemented. Such a columm Joint can withstend a
vertical force of 250 m. tons and = moment of 200 ton-meters (1400 ft. kips).
When the buildiné hes & basement and & floor above it at gound level 0.0 t?xe
joint -of the co'lu'mn with the foundation is formed by embedding the colmnn/:;n
recess in t;ne foundation footing (Fige 5); the floor cover then rests on the
top edge of the foundation footing.

To ensure the transfer of vertical loads to the foundation footing, the
ond of the column is provid;zd with a pin, thus providing for £11ling the space
under the base of the column with concrete.

The column is aﬁjusted and fixed by means of wedges. The foundatlon
recess 1sl provided with an opening for cleaning and flushing. The vertieal
force mﬁsi’en‘ed by such a column Jjoint can yeach 600 m. tons and the bending
noment 50 m. ton meters (360 £t. kips).

Hh‘en the build:‘mé has no basement end ro floor at gound level 0.0, the
joint of the columﬂwith the foundatlon iQ formed by weldiz-xg the projeéting
reinforeing bars of the foundetion and the colum (Fig. 6). While the column
1s being set up the vertical 16&:1 i3 transferred through 2 steel .pipe; The

bending manents can bs transferred by the reinforeing bars only after welding.

The weldlng of the four corner seinforeing bars onsures the necessary stability |

to the column in the process of erection. After sll reinforcing bars are
ueided and the joint poured with conecrete, 8ll the live load is transferred

from the column to the foundation.

5=
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The joint of a cross girder with a column shoun on £ig. 7 1s formed by

? we'lding\..tﬁe projecting upper and lower reinforcing bars of the two members

with the aid of steel insertion rods, Welding is done by the submerged-arc
. qmef.hod. Concrete i;s-then poured into the joint to meke it monolithic, in
order to provide compressive strength. Wall coverings ars of reinforced
foam concrete panels A(see fig. 8). On the outside the panels are covered
with a 35 mm. (1.4 in.) rough-finished lJayer of heavy concrete 200", The
foam conerete is of the mark 75 (with a compressive strength of 75 kg./en?
= 1066 1b./in2.) and a volume velght of 900 kg./n? = 55 1b. /£t
The fastening of panels to the columns is flexible, with bolts, so that
the panel load 1s not transmitted to the columns. The substructure of the
main power plant building is usually built in the form of a great number of
separate foundation slabs for various units of eqipment, tunnels, channels,

ate, placed at different levels. In this project, one basement floor is

designed, under the turbine hall, bunker, and feed water pump sections (see
plates 18B & 18C }o Foundations for asuxiliary equipment are placed in the
basement at lavel 0.0. The basement floor is of flat precast reinforced
concrete slabs with prestressed wire reinforcement 3 m. x 3 m. (10 £%. x 10 Pt.)

and 0.25 m. (10 in.) thick. The glabs rest at their corners on precast rein-

forced concrete columns with caps. This construction hes the necessary
height to accomodate all the suxiliary equipment.
Column foundation footings, supporting walls, and other structural

eloments in the substructure are of prestressed reinforced concrete. The

e o R ST T

foundation slab under the building, and the foundations blocks under the

turbogenerator and boiler are of monollithié relnforeed conerete. In gpaclal

cases when ground water is high, the basément floor is placed on a continuous

" monolithic ribbed reinforced concrete mat. The améunt of rsinforced, concrete

necessary for the new~-design of basement floor is 1,2 m3/m2 {0,146 333/1'1-,2) of

55
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TARLE X
mmwmmwmmmmmmm
mmmmwmmmm

DESIGH OF A TEIS 150.000 Ki GARACIIX-

o Ve:l%ht
aises of ouo!
' ' ' tructurel
Name of .the structural nober of each [
n, tons

A siarstructure =1

xns 3-5 - 1506
cc:iu girders ' ' lgag - ]z.g.g
Trowe vens 0.5 - 34
Yloor and roof panels l.li : 6.2
Bunker menbers . .
Yarious members (flat panels
monitors eto.) —

Zotal

BasSubsixuciaxe

Column foundation footings
and shoes
Columns
Congrete blocks
' walls

i’ht slabs and panels for floors

~ and eeilings cumels
eang, ducts, passage

¥ ’oeblo ;uppert ‘blocks

Various elements

Zotal

goncrele n:ﬂﬂll 2 0431 = 2.3 1,930

[

Sourcet Stroitel'maya Promyshlennost', 1956, ¥o. 6, page 24y 57
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floor space as compared to the required volume of 1. 35 1113/112 (0.164 yd3/ft2) of
reinforced concrete for the previous method of separate foundations for
auxiliery equipment.

The 1ist of precast reinforced concrete structural members for the con-
struction of the mainApo'wer plant building is given on table 1.

The total volume of reinforced concrate for the superstructure 9f the
main bullding amounts to 7100 m3 (250,000 £t3)of which 95% or 6700 m3

(236,000 £t3) consists of precast members.

In the substructure (together with the foundations for the turbo-gene-
rators) the total volume of reinforcéd concrete amounts to 15,020 w3
(530 000 £43), of which 24% or 3620 n° (128,000 £t3) consists of predast
members.  The monolithic reinforced concrete in the substructure is used for
the continuous foundation mat and fo!r foundation blocks for the turbo-
generators and boilers. ’

A photo showing a main power plant building in erection according to the
above design is shown on Plate 25, fig; e

The latest regulations, issued in 1947; concerning the design of thermal

power plants recommend instead of a building frame entirely in reinforced

i
concrete {Plate 25e, fig. 2) & mixed! type construction for the main building,

{Plate 25e, fig. 1)i The rec:.ommended'j scheme consists of precast reinforced |
concrete for the main structural i‘rhme and for its heavily loaded members and
steel for lightly loaded members ,for members léced at high levels, such ag the
upper part of the turbine hall uall'«above the crane girder, the upper floor
Irexw of the bunker md feed water nump sections, the upper parts of the bo;ler
house inside wall abwmive, the roof of the bunker section; and for crane

girders.

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

Upper structural members Mixed-type construction All-reinforced-concrete
of the building frame design (Table 25e, fige 1) construction des
{puilt either in stecl or Weight of required steel, (Teble 25e, £ig 2)e

in reinforced concrete, Volume of required
reinforced concrete.

Mewbers of the upper me_tons _ » ya3
part of the turbine hell
outside wall (above 594 6.3 842
crans girders).

~

| Members of the upper
floor frame of the
tunker and feed-water
pump section.

Members of the upper
partTof the boiler
house inside wall
(Avove the roof of
the bunker section)s

Source: Elektrichdskiye’ Stantsii;-1947, ¥o. 7, page 10,
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The amount of material (steel or reinforeed concrete) required for the
construction of the upper structursl members for 18 ., (59 f£%.) length of
building (width of one boiler unit) - see Plate 18 - according to the two
alternative treatments (Flate 25e, fig, 1 and 2) is shown on table 2.

The total amount of material (ateel and reinforced concrets) required
for the cothion of the entire frame for 18 m. (59 ft.) acconing te
those two alternatives is:

Alternative 1 Altermative 2
Reinforced conorete 1.51(3‘ '(5'3 ya3) 553(25'(%0 ya?)
Steel construction 107 m.tons 67 m.tons
Exauples of the Fourih Xrpe design

The 3 large newly built thermal powsr plants, the Mironovskays
400,000 kv+ coal-fired ORES near Artemovsk in Stalinskaya oblast!, the
Slavyanskays GRES, and the Cherepst' GRES (projo?tod capacity 600,000 kv.)
are probably built according to the Fourth-Type layout design (see also
plate 16 cnd 16a). Thers may be only small differences in their transverse
dimsnsions; the }‘":.*g‘&lh of the tnildings will change with the mmber of v'
ingtalled boiler and turbo-generator unitsy: v
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"PRINCIPAL REGULATIONS GOVERNING THE DESIGN OF ELECTRIC
POWER PLANTS, SUBSTATIONS, HEAT AND POWER DISTRIBUTING SYSTEMS™
ISSUED BY THE MINISTRY OF ELECTRIC POWER STATIONS USSR IN 1947.

PARAGRAPHS RELATING TO THE CONSTRUCTION OF THE MAIN FOWER
PLANT BUILDING AND THE DISTRIBUTING INSTALLATIONS,

Construction of the Main Power Plant Duilding
317. The bay length in the main buildings should be uniform and a multiple
of the width of the boiler unit.

_318. Deformation joints are provided in the main bullding at the end of a
boiler unit,

Settlement joints are provided in places where any structure adjoins

the main building.

Deformation joints in the principal frame of the main building are
*” built in the form of double dolumns.

_3198. Stiffness and stability of the building are achieved by means of rigid

frames, both t:riggyerse and longitudinal.
321 In the case where the skeleton of the main building is of steel,. the
construction is as follows: .
rigid bents with columns rigidly connected with the foundations;

hinged members between the bents;

contimious welded members;

field joints on erection Holtss.

322. In cases where the skeloton of the main building is of reinforced

concrete, the structural members carrying heavy loads are of reinforced

concrote. Steel.is used for the lightly loadea elements, which for the most .
_ part-carry their own load and that of the facing; steel is also used for long~
span members subject to bending. . =60~
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The erane girders in the turblne ball are of steel as a rulee

Bunkers, as a rule, are wholly of steel.

The boller and engine room end walls (permanent and temporary) should
be built on a steel frame. \

326. A temporary end wall must be bullt so that t.ho work in the part of tbe
building which is to be e,:pandod may proceed without dismantling of the wallj
oonstz?xotlon of an end wall should also be such that the wall can be moved to
form a new end wall, ‘

327. Conerete "L407 (2,000 lb./;lnz) should be used in the main reinforced
conerete construction of the main building.

328. Steel "3" (23,000 1b.7/in2) 4s to be used for the steel construction of
the main building skeleton.

329. The following construction is adopted forrtheiloddtbesring roof members (of
the engine and boiler room in both reinforcsd concrete and steel structures
with 6=7 m. (19.7 = 23.0 £t.) beyss

a) vith span up to 24 m, (78,7 £t.): steel fremes with 501id web beams;
b) with span over 24 m (7847 £4,)t frames with latticed beams or roof
trusses.

330. The inside wmlls separating the boiler room from other compartments
{engine room, seryice quarters, ‘bunker gallery) ars made of fireproof mteriai,
the thickness of the walls lst

i

a) not less than 25 cm. (9.8 in.) for brick walls;
b) not less than 20 em. (7.9 in,) for walls of block material
(cernmic blocks, alag-concrete bloek's, eted),

33l. The wall covering for ‘the main building frame is to be of fireproof and

frost--and hunidity-resisting constructions
332. The outside walls. (brick construction) of the boiler room above the
boiler servicing level are to be half a brick {one brick, Americen notation) in

thiokiess for any climatic conditions. .o _
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333. Halls thicker than one and a half brieck ‘("thre'ez--Bf"i'éks:.nmric'é&)?f Tan
(in stéel .freme constructions) should be self-supporting.
334e The use of reinforeed conerete walls and partitions is not allowed as

a rule.

335+ Compartment partitions of plant-service distributing installations with
small-gize oil or air circuit breakers consist of asteel skeleton and gypsum or
asbestos-cenent panels,

336, Roof covering lomd-bearing members are of fire-resistant ot semi-fire
resistant materials,

337. The roofing of the main building consists of thres layerst a layer of
ruberoid over two layers of artificial parchment paper with mastie adhesive.

338. A gpecial basement is provided under the engine room and the deasratar
compartment to a2ceomodate the underground comnmnica;tions.
Auxiliary equipment and platform supports are instelled directly on the
reinforced conerste floor above the basement.,
332, The underground communication lines of the engine room are laid in ducts
and tunnels in cases where the ground water level is high.
20. The boiler room underground communication lines are laid as a rule in

ducts and channels,

2l. The foundations of the turbogenerator units are of reinforeed .concrete
(for any unit capacity), or steel (for unit capacity up -to 25,000 kwv.),

32 The boiler foundations are of reinforced concreta in the substructure and

of steel in the superstructure; 3 this 1s achieved by evtending the gteel skeleton

to the ash compsrtment floor or by building individual stesl foundatiozgs.'

62~

R
it b
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343. Ball mill foundations are built, as a rule, as separate reinforced
concrete bases -~ (under the bearings, the electric motor and the reduction gear)
which are located on the solid foundation slab of the bunker section.

344 Induced-draft fan foundations and the foundations for similar large size

awriliary equipment are bu.ili of lightly reinforced concrete on undisturbed

ground,

348. Floors of service qusrters and cellings are of reinforced conerete or

wood; £loors and ceilings in tollets, showers and washrooms, laboratories,
workshops, and archives are made of reinforced concrete exclusively. The
.partitions in the above-mentioned rooms are of brick, half a brick (one brick
American notation) in thickness.

Vain Distpibuting Installations and Suitch Panel
346, Vhenever the control panel and main distribution installetion are
located in a structure outside the main building, a hested pasasage should be

provided to connect these two buildings.

347. The building housing the main distribution installatlon with small size
or non-oil circult breakers is designed to have load-bearing walls, and floors
and ceilings; the partitions are not inpluded in the number of loa&-befaring
structural elements of the building. Partitions of compartments are assembled

from precast gypsum or similar pancls, which ere set in steel frames., Light

steel frames Joined to the main skelston of the building are provided for the

panel erection.

348, Tow walls and racks in busebar éonstmction are also made of gypsum or
gimiler pancls which are Lagtened to a frame.

343, The thickness of outside brick walls of the main distribution

installation are r;ot. to exceed 38 cme (15 in.) irresmctive of the climatic

conditions,. —63-
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350. TFloors, ceilings and roofs are to be of reinforced concrete laid on
stee]j beams.

351. Tht; rc.>oi‘ing of the main distribution installation and that of the
cont:t:ol pane'_!. should consist of three leyers: a layer of ruberoid over two
layers of artificial parchment paper with mastic adhesive.

333, No windows are provided in the building of the main distribution
installation, Natural lighting is to be provided in the control panecl
bullding, Wndow casings sd sash are to be of wood.

(Source: Elekiricheskiye Stantsii, 1947).

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

216,155

213,655
~

U

r ;r. .rj"“ﬂ is—'«“l '~‘ \ ) -

S [ som! - SN o = R

trbdoed é‘f‘"‘*"‘?’ . ; s :} f‘,L_I :?
J9 ¥

vus YU UUU BT o honinn
Guliv Guufihy

28200
L2

o ‘/L';”.%'_‘ S

 Honolithic reinforced concrets freme construction vith rigid welded
szeol skeleton reinforcement. The turbine hell is to the right of
the fesd-water pump and tenk section (not shown on-this diegram)

SECTION THROUGH THE MAIN POVER PLANT BUILDING OF THE FIRST-TYPE DESIGN

Source: Elektricheskiye Stantsii, 1949, #1, p. 28, TKA.E725
FLATE 37,

o

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

Sigle View, ¢

i

Section A-
lovenur A- A

Fig. 1 - Rigid Welded Steel
Skeleton Reinforcement of a
Column,

Fig. 3 - Legend

1, Bar reinforcement of
the beam,

2. Bar reinforcement of
the beam-column
joint.

3. Rigid welded steel
skeleton reinforce-
ment of the hean,

4. Plates for adjusting
connecting lattices.

5, Erection suppo rts.

6. Erection angles.

Fig. 1 - Legend

Stiffening Crosa
bars.

Joint connecting
angles of the
load=bearing
reinforcemant.
Reduction of the
column to a smaller
oross section.
Plates for adjusting
connecting lattices.
Erection supports.
Bar reinforcenent.
Rigid welded steel
skeleton reinforce-
ment,

s

Jec}‘/'cn A-A

Mg, 2 - Details of a Joint of the Column Sections

Upper column section.
Lower column section.

Reinforcement of the skeleton lattice of the column.
Bar reinforcement of the column.

Joint angle,

Stiffening cross bars of the column.

L

1

—. - -

Qcs
KOMOHHS
AXxis o

[Cc bienen

\recl‘/‘aa H~A: ;:

Cevenun A-A &

T

500 -
19.8"

Fig. 3 = Rigid Welded Steel Reinforcement of s Cross Girder.

DETAILS OF THE RIGID WELDED STEEL SKELETON REINFORCEMENT POR
REINFORCED CONCRETE FRAMES SHOWN ON PLATE 17A.

Sources Elektricheskiye Stantsii, 1948, #6, p. 14, TK4.E725

PLATE 17B.

=66=
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Monolithic reinforced concrete foundations of tur'bpgen;rator units.

5
3
&
&
H

5
s*

Source: Antipov, I. P. Arkhitektura elektrostantsi
¥, 1939, (TH 1581.45
Elektricheskiye stantsii, 1951+, No. 9, p. 22 (Tg.z'((as) )

PLATE 18a.
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SectionT-T
Paspes no I-I

Legend

Foundation under the turbogenerator;
Foundations under the electric feed pumps;
Foundation under the turbine feesd pump;
Poundation under the overflow pump and plantforms;
Foundation under the platforms;

Foundation under the separator; P
Poundations under the platforms;

Foundation under the electric condensef:pump;
Foundation under the condenser turbo-pumps
Foundation under the lubricating turbo-pump;
Fourdation under the lubricating turbo-pump;
Foundation under the lubrication~oil cooler;
Foundation under the overflow tank;

Cable tunnel. '

Foundation of a turbogenerator unit and of its amdliary equipnant
underneath the machine hall,

TYFE OF CONSTRUGTION WITH INDIVIDUAL FOUNDATIONS.
s
Source: Elektricheskiye statsii, 1947, #7, p. 11
TE J8B.
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linah PlGr, N ] _. - ~' ~SectionTF-T
) ' Paspea noI-II

Seclion 7-T -
Paspes ro I-1

._.._____t____

legend-

Foundation under the turbogenerator;
Rlectric feed pumps;
Turbine feed pump;
Overflow pump and platforms;
Separator;
Posts under platforms;
Rlectric condensing pump;
Condensing turbo-pump;
Lubricating oil turbo-pump;
Electric lubricating oil pump;
1l. Lubricating oil cooler;
12. Overflow tank.

Foundations of a turbogenerator unit and of its auxiliary equiment
underneath the machine hall..

TYPE OF CONSTRUCTION WITH A BASEMENT FLOOR PLACED ON A MONOLITHIC
REINFORCED CONCRETE MAT.

Source: Elektricheskiye stantsii, 1947, No. 7, p. 12.
PLATE 18C.
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I O TS

Fig. 2. 1. Reinforced

" Fig. 1 - Brick Stack.
Concrete.Stack...

STACKS
Antipov, I. P. Aﬁitektura elektrostantsii, 1939 (TH.4581.A5)

PLATE 190.
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The separate frames of the bunker, the deserator sections and the outside
wall of the turbine hall have rigid steel welded skeleton reinforcement.

THE LOAD BEARING MONOLITHIC REINFORCED CONCRETE TRANSVERSE
FRAMES OF THE MAIN POWER PLANT BUILDING OF THE .SECOND-TYFE DESIGN

Source: Elektricheskiye Stantsii, 1952, #2, p. 25. (TK4.E725)
PIATE 20A.
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Fig. 1 ~ Reinforcing skeleton of the column,

7

Fig. 2 = Reinforcing skeleton of the cross girder

‘ DETATLS OF THE RIGID STEEL WELDED SKELETON REINFORCEMENT
OF THE MONOLITHIC REINFORCED CONCRETE FRAMES SHOWN ON PLATE 20A.

Sources Elektricheskiye Stantsii, 1952, #2 p. 23-26,

SRR

wisae:
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Fig: 3 - Reinforcing skeleton of the beam

DETATLS OF THE RIGID STEEL WELDED

<

‘Fechon T-T.
Paspes'ns 11

H

Mommaroeri
cmanun
Srection plate,.

|:_]"|:

]

ll:;mxwa
a
Srection h:?!d/,ny.

Y A

A

Flg. b -

Connection of the skeletons of
the column and the foundation
footing-at the level of the
floor of the first story.

OF THE MOHOLITHIC REINFORCED CONCRETE FRAMES SEOWN ON PLATE 20A:
Source: Elektricheskiye;Stantsil, 1952 No. 2, p. 2%

PLATE 20C.
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Fig: 6:=-Connection: of: the:skeletons of. the column

7=

and the cross girder:

a. When the girder crosses the column
b, When the girder ends at the column.

],
2 .
ETAILS OF THE RIGID STEEL WELDED REINFORCEMENT OF THE MONOLITHICS REINFORCED CONCRETE FRAMES SHOWH ON PLATE 20A:

Source: Elektricheskiye Stantsii, 1952, #2, p. 25

TE_20D.°

P

Seatic BT
Paapes no -1

g
|
I

e ———

Gemorugyemca
odrodpemenno
¢ nonownod
ictele £5
ed. ik
imunlianeen
A e Cche “'.‘5

élndmammi a)
2zection

Declys,
e
Jmmwmn}‘ A

9

skeleton in the foundas
tion footing.

[Attachment of the skeleton to
the foundation plate
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Fig. 9 - Legend
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Fig. 7 = Connection -of
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a. Construction of the fastening of
plark forms for the beams.

b. Construction of the fastening of
plank forms for the girders.

c. Construction of the fastening of plank . :
forms for the column.

F?..

—YokesTox/s
.- Iﬂﬁyﬂuﬂlq

e

°: \‘ ol 1]
R Ry A s

Fig. 9

TETAILS OF T"E RIGID STEEL WELDED REINFORCEMENT OF THE MONOLITH REINPORCED CONCRETE FRAMES SHOWN ON PLATE 204
Sources Elektricheskiye Stantsii, 1952, #2, p. 26
... PLATE 208 )
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[Eongl tudinal Irane members 40.0 1.20 228:4% & 1,27 | 0.0788 :
Total | 429.3 Jizg 3690 163 | uo
100/12 = 3,9470.472
\ 120/16 = 4,72/0.630 B
; . 120/18 = 4.72/0,709 : . B

150/10 = 5.91/0.394
300/1, = 11.8/0.551
400/16 = 15,8/0:630
480/14 = 18,9/0.551
500/12 = 19,7/0.472
ﬁ 500/16 = 19.7/0,630

500/18 = 19,7/0.709
, 900/12 = 35,4/0{472
: 1100/10 = 43.3/0.39
1100/12 = 43.3/0.472

Conversion figures for steel ssctions on Flate 214, Fig, 1

TE 21B,
76~
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Transverse steel frames of the main power plant building with
steel sections for a rigid-frame connestion design (ss per
‘cmg 1 - ti‘o 2).

S le—22,5- 100 25,5 ——rtmg ! ) " " 20
- . - . ; P

Pig. 2. Scheme 1 - The multi- | 120olg

sstory four-aisle combined TR g

transverse steel frame is

rigidly comnected. Fig. 3. Scheme 2. The steel rigid
frames of the boiler house; of
the turbine hall and the out-
side wall of the bunker seotion
are interconnected by hinged
steel members.

CORSTRUCTION (F THE MAIN m PLANT BUILDING OF THE
' SECORD-TYPE DESIGN IN STREL.

Source: Elekricheskiye Stantsii, 1948, #5.

PLATE 2]1A
-7
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Welght of Stecl: for 18 m(59') bldg. length(boiler unit)
{Allovable stecl stresses 1400 kg/cm® - 19,900 1b/in® - ) -

Totol

Weight | Weight of gteel

m tons E?mg IWE-ng i

B1.8 3.10 | 0.1920
.61 0.2850
0.32 0.0198%

Roof=supporting members

Columns

Crane Gixders

Inter~story floor-supporting
meribers of the feed water
puzp section

Inter-story floor supporiing
nmenbers of the bunker
section

Bunkers

Longitudinal frame members

121.6
8.5

7.4 0,66 : 0.0410

65.6
35.0
29.5

359.4

2,49

1.32
1.10

0.1545
0.0820
0.0682

©0.8450

Totel 13.6

JL 75/8 =2.95/0.315
L 150/12 = 5,91/0.472
=l 150/16 = 5,91/0.630

500/20 = 19.7/0.787
500/30 = 19.7/1.18

750/8 = 29.5/0.315
750/10 = 29.5/0,39%

100/10 = 3.94/0.30%
300/20 = 11.8/0.787
350/12 = 13.8/0.472
350/16 = 13.8/0.630
350/30 = 13.8/1.18

400/20 = 15.8/0.787
500/10 = 19.7/0.39%
500/18 = 19.7/0.709

T50/12 = 29.5/0.472

750/1k = 29.5/0,551
1000/10 = 39.4/0.309%
1000/14 = 39.4/0.551
1000/20 = 39.%/0.787
1200/12 = k7.2/0.472
1800/1k = 70.9/0.551

Conversion figures on pteel sections on Plate 224, Fig, 1

PLATE 2238,
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Fig. 1 - Transverse ateel framesof the main power plant tuilding.

~ Construction scheme of the
‘main building steel frame
connactions.

CONSTRUCTION OF THE MAIN POWER PLANT BUILDING OF THE FOURTH-TIPE DESIGN IN STEEL
Source: Elektricheskiye stantsii, 1948, No. 9 (TK4.E725).
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Pig. 1 - Base of a colum Fig. 3 - Connection between truss-:
members and a column,

250 85 450 85

.

o
5ok
T
3
]
8
Nemc
8

i |
104
250

2 = Comnnection of a crane . Fig. 4 Connection between-a column; “
girder and a frame girder a girder and a beam
to a column,
DETAILS OF THE PRINCIPAL JOINTS OF THE STEEL FRAME IN THE MAIN POWER PLANT BUILDING

Source: Elektricheskiys Stantsii, 1948, #9. (TK4.E725)
PLATE 220,
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Fig. 1 - Design scheme 1
Scheme I

The combined rigid steel frame
of the bunker and feed-water pump
section is comnected with the outside
walls of the turbine hall and the 7
boiler house by hinged structural 3
members 2
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Fig. 2 - Erection scheme 1
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The rigid fremes of the boiler - H& 0600 ¢
house and the turbine hall are con- - T
nected by hinged structural members Fig..3.- Design scheme 2
formin the middle hinged combined .

frame of the bunker and feed-water U

pump stations. . . Monmaxcan CIEMG g
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Fig. 4 - Erection scheme 2

N

PLATE 23B.
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Fig. 1 = Main transverse steel frames of the building.

CONSTRUCTION OF THE MAIN POMER PLANT BUILDIKG OF THE FOURTH-TYFE DESIGE IN STEEL
Source: Elektricheskiye Stantsii, 1947, #7.
‘ PLATE 234.
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FHg: 5 « Connection between the steel welded
skeletons of a cross girder and a
. @eolumn,

AN
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ein, 1.«;';% P ¥ Vo&dovwal. - .
i Rl e S ent. FiGe 7T ~Fastening of the concrete
S o forms-td>the welded.:stéel
Fig: 6 ~ Connsction between the stesl skeleton of a girder and of
welded skeleton of a girder a column,
and ‘a -beam.

!

the bunker section frame by
means of a swing jib crane.
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ng. 1- Principal transyerse frames Fig. 2 = Welded rigid steel

and partial plant.showing the skeleton of the

bay lengths of the main powar monolithic frame of

plant. building, the bunker and feed-

water tank ssctions.
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Fig. 3 ~ Rigid steel welded
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floor supporting (reolod E
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Fig. 4 - Joint of ‘the wdded

steel skelaton of a
column,

CONSTRUCTION OF THE MAIN POWER PLANT BUILDING IN MONOLITHIC
REINFORCED CONCRETE WITH WELDED RIGID STEEL SKELETON REINFORCEMENT

Source: Stroitel'naya promyshlennost!, 1950, Moo 4.

FLATE 244

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02@CIA@81—0101330016000&1(_]9%»1

e
= 940 1R9.8" / k
) > — L/ﬂ
k ;. , == @_0o
nﬁlc:gl;é of @ precast element o ,C“j‘ojg = Ml
@9-5« 3asamasumensnes yuemenna fn t fons 5! M ‘ 0 s ST
leight of an evection efement el -7

-Im HONTAICNO20 JneMENTC ) gy forus 3060 10X.7° ’
& 3000
' a0 = — 584"

8% o
'_.g} et Reinf coney .
8 [ Té - | o Ten ST
Sirets

(R Sl
DWEED r."'zzc/?‘.m./'omt
- Manmarnhi crmm

Lit)
Bocler House

8061 | 3
Aomenswoe omdenenue

37
a<301

&)

= :
Turbine Hatt, [0l freasamomimel Fom ===
. maese; 4
Mawurwoe omdepenve ’ y’";‘. omdenen '_ T{@ 800
\7%e.execlion fornt.
Snpymamensanid cmu
\

-
7 ! lo® ollich

] 1 700
exdn ’ ‘( H

2 .
f——— e —— 270m s 7500 9000 —. 24000 -
® 8.6 24.6'_5 29.5 @H— 7&.7'ﬂ
L . . X Ay

. A =
I o b TH

Fig. 1 - Transverse precast reinforced concrete frames of the main power plant -building.
The sedtions of the principsl structural members are shown. In small circles
are given the weights of the prefabricate members s-and in small squares are the
weights of members pre-assembled at the building site. .

CONSTRUCTION OF THE MAIN POWER PLANT BUILDING OF THE FOURTH TYPE LAYOUT DESIGNED IN PRECAST REINFORCED CONCRETE
Source: Stroitel'naya Promyshlemnost' 1956, #6.

LLATE 254
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Iegend Fig. 2

a. Geometric dimensions

b. Panels resting on brackets
of the cross girder.

ce Panels resting on top of
the cross girders.

Pige. 2 = Inter-story floor panels

Legend Fig. 3

1. Welding of reinforeing bers by .
submerged method. 2~

2, Stirrups . r —

3. Concrete joint filling LS e s

'Fig. 3 -~ Preassembly Joint of a column

CORSTRUCTION OF THE MAIN POWER PLANT BUILDING OF THE FOURTH-TYPE IAYOUT, DESIGNED IN PRECAST REINFORCED CONCRETE
Source: Stroitel'naya Promyshlenmost' 1956, #6.
EIATE 258
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Legend Fig. 4.

Erection Joint of a column
Erection adjustment belt.
Erection angles / 120x10 mm.
Steel plates 300 x 200 x 16 mm.
Steel hoops placed around the column
Joint, 140 mm, x 10 mm,
Side steel plates 100 x 280 x 16 mm.
Cement plaster applied around the
column Joint.
Horizontal steel mesh set in the
column (indirect reinforcing)

=

250~ — 9 —=~ |

'

*lﬂ’— &0 -254"

~80— 0P+ i

Legend Fig. 5.

Joint of a column with
its foundation oting
in case a basement is
built,

Pin in the column of the
butt.

Concrete filling.

Hedges.

Floor covering.

Scupper 50 mm (2 in.)

e 2013/02/25 : CIA-RDP81-01043R001600080008-4

o 105 ——

a0,
/
&‘ff_l

Legend Fig. 6,

Joint of a column with #s foundktion

1.

2.

3.

be
Se

Pipe 160/10 mn (10.2/0.4 in.)
Pilled with concrete for:
adjustment of the column.
Insertion of reinforcing bar
pleces,

Welding of ends of the rein-
foreing bars by the submerged
arc method.

Filling with concrete.
Column stirrups.

CONSTRUCTION OF THE MAIN POWER PLANT BUILDING OF THE FOURTH TYPE LAYOUT DESIGNED IN PRECAST REINFORCED CONCRETE
Source: Stroitel'naya Promyshlennost' 1956, #6.

PLATE 25C

i
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b 1000

Fig, 7 - Legend
“Joint of a transverse girder with
a column
1. Insertion of pieces of reinforcing bars
2. Welding of ends of the reinforcing bars
by the subnerged arc method.
3. Concrete filling.

Sz

Lo
Ococmuna 5 B
rareRT

Fig
Construction of the frames of a TETs in precast concrete

Fig. 8 - Iegerd -~
a. Geometrical dimensions.

b. Details of the attaching of panels to a column,

Fig. &

CONSTRUGTION OF THE MAIN POWER PLANT BUILDING OF THE FOURTH TYFE LAYOUT, DESIGNED IN PRECAST REINFORCED CONCRETE

Sources Stroitel'naya Promyshlennost! 1956, #6
TE 25D.
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Fig. 1 ~ Frame construction in precssi reinforeed concrete and steel,

» Pg. 2A - Frame construction entirely in precast reinforeced concrate,
ternetlves in Congtruction.
MAIN POVER PLANT BUILDING
Source: Klektricheskiye Stantsii 1947, #7.
ELATE 25E
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THERMAL ELECTRIC POWEX PLANTS
IN THE U.S.S.d.
Report No. 92

8014LCE

VOLUME, II
cory 3
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CHAPTER III
Some of the Principel Soviet Thermal Power Plants.

Deta (available and estimated) and photographs.
Avbreviations used:
GRES - State Regional Electric Power Plant.
GES - State Electricgl Power Plant.

TETs = Heat-and-Power Electric Plant.

List of Planis

Name of the Plant Plates Pages

Shatura GRES 4, fig. 2; 26 = 26F. 14; 92-=99

Dubrovks GRES
Gor'kiy GRES
Kashira GRES

Shterovka GRES

Zugevka GRES °

Ivanovo GERES
Stalinogorsk GRES
Stalingrad GRES
Stalingrad TETs
White Russian GHRES
Berezniki TETs
Solikamsk GES
Kuznetsk TEIs
Chelyabinsk GRES
Magnitogorsk GES
Kramatorsk GES

Kemerovo TETs

53 27-27C.

4, fig' 1; 28 - 280.

29 - 294,

6, 6A3 30 - 30G.
9, 9A; 31-31B.

7; 32 - 32E.

12; 124; 33 - 33E
10; 34 - 34B

34C.

35 - 35D,

36 - 36C;

37

11, 1la; 38 - 38D,
39, 39A.

40 - 4OB.

4, LA,

2

-90 -

15;
143

16-175

21=22;
18;
26=27;
23;
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100-104
105-109
110-119
120-128
129-132
123-139
140-146
147-150
151-152
153-158
159-163
164-165
166-171
172-17
175-178
179-181
182-183
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Pla:

Name of the Plant Plates Pages

Sverdlovak TETs 43, 43A. ) 184-186
Voroshilovsk GES i, 187-188

" Saratov GRES 45 = A5E 189~195
Faroslevl! GRES 46 196-197
Yaroslavl!: TETs " 46A 198-199
Baku GRES ' 200-202
Baku GES 478 - 203-204,
Novorogsiysk GRES 48 205=-206

Voronezh GRES 49 207-208
Kazan' TETs ) | 209-211
Moskva TETs "Stalin" 212-214
Moskva GES #Smidovich" 215-219

Moskva High Pressure TETs 220-221

. Elektrogorsk GES "Klasson" ’ 222-223

Artem GRES 224 =226
Mronovskaya .GRES 227-228
Slavyansk GRES 220-231
Cherepet!' GRES A 232-235
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(Platess 4, fig. 23 26, 26A, 2B, 260, 2D, 26E, 26F)

Locatjon: Shatura, near Moscow,
Coordipategs 55° 35'N, 399 36! E.
Date_of co tions 1925, enlerged in 1933.

Levout et O e e e B (sos Flate o e
description on page

Installed capacitys 180,000 kw. (1933)
Dimepgiops: Overalls L. = 180 ft.; W. - 82 fto; H. = 44 f£E.
Structural type: Poured-in-place reinforced concrete freme.
yall covering: Erick curtain or penel walls.
Roof congtruction: Steel roof trusses. p

3 Roofing: Ruberoid on wooden later changed to reinforced concrete sh'oé.thigg.
Vindoy gashs Steel.

Crapeg: In the tutbine hall, eap. 75/15 rm tons (estimate).

E-f Crope girderg:s Steol.

: Stackgs Steel on the fooi‘ of the boiler house.

4 Tregtlgs for beati deliverys Steel.
Subgtation: Open-air, adjoining the power plent building.
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Side view of the GRES and peat delivery trestles.

SHATURA PEAT-FIRIRG GRES
(Capacity: 180,000 ke )

Source: USSR in Construction 1930, #3, p. 8 top

PLATE 26
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View from the turbine hall side.

SHATURA PEAT-FIRING GRES
(Capacity: 180,000 }cw.)

8
Source: Elektrotechnische Zeitschrift 1930, p. 387 bottom (TK3 £8)

PLATE 26A
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Partisl view of the boiler house #2.
SHATURA PEAT-FIRING GRES (Capacity: 180,000 kv.)
Séurce: USSR in Comstruction 1930, #3, ps 9 top
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Partial view of a turbogenerator hall.

SHATURA PEAT-FIRING GRES (Capacity: 180,000 kv, )

Source: USSR in Construction 1930, #3, p. 9 bottom
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Partial view of second section of the turbogenerator hall.

SHATURA PEAT.FIRING GRES
(Capacity: 180,000 lu.)

Source: Economic Review of the Soviet Union 1931, #8, p. 178.

PLATE 26D
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SHATURA PEAT-FIRING GRES
(Capecity: 180,000 kw.)

Scurce: FEeconomlic Review of the Soviet Union 1929, #11, front cover
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Partial exterior view of a m;b—pt:—.‘bion and steel structures
carrying high tension wires.

SHATURA PEAT-FIRING GRES
(Capacity: 180,000 kw.)

Source: Prozhektor 1925, #20, p. 8 bottom
PLATE 26F
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DUBROVKA PEAT-FIRING GRES
27, A, 278, 27C)
¢ Village on the Neva River near Leningrad
ficriloatas: 59° 50° W, 31° 00! E.
3

?ﬂ_mt Of special design, two boiler houses, between them the turbine
- ball (see Flate 5, also description p. )

mm. Built in 1933, reconstructed in 1946.
Batalled ospecity: 200,000 kv (1946)
Wt Steel frame (probably)

: L, 3 W. 297 ft.

Bl covering: Originelly brick curtain walls, reconstructed - reinforced
concrete penels.

t Steol

@acka: Steel 2 rows of 4, on roof of turbin hous
] Holght above roof 18 f4., & 12 24,
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TERREE GoAS 4

‘Tb%‘, ONTRIGT]

DUBROVKAiL~ PEAT-FIRING GRES
{Capacity: 200,000 k. )

Source: Elektricheskiye Stantsii 1932, #3, front cover, (TK4.E725).
PLATE 27
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Side vi?w “of the plant showing steel trestles for peat delivery and a boiler house.

DUBROVKA PEAT-FIRING GRES
(Capacity: 200,000 kw.)

Source: FPyatnadsat' let leninskogo plana elektrifikatsii 1936, p. 69 (TK85.D6)
PLATE 27A
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Partial-view of the GRES showing steel trestles for peat deliveg‘ 7o

(during the reconstruction in 1946)

DUBROVKA PEAT-FIRING GRES
(Capacity: 200,000 kw.)

Source: Leningradskaya Pravda 1947, #14, pe 4.
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Partisl view of the turbine h

DUBROVKA PEAT-FIRING GRES (Capacity:
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RIXIY GRE3 (Mixed Fuel:.: Peat and conl Mring)
(Platee: 4y figs1; 28, 28A, 288, 280)

Town of Bulakhm
o Gor g on the banks of theVolga River, 33 klm from the

gordinates: 56° 201 N, 440 0o* E,

Eate of Constriction: First part - 1930,

Secord part - 1933,

type design.

Second part =~ Second type design (prob),

Jnstalled capacitys 204,000 kw (1933).

of const. s ¢
gg construction: Monolithie reinforced concrete baams,

;o_oggg: Ruberoid,

nes: In the turbine hall,
ergs Reinforcod concrets. '
tion in the turbine halls

: Stesl grid on sigel atanchions.
ckg: Stesl on roofs of boiler hougeg,
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General: view. ofthe boiler houses = first par

t_of construction.

GOR'KIY GRES (mixed

peat and coal firi.
(Capacity: =€)

204,000 kw.,)

Source: Elektricheskiye Stantsii 1934, #4,

R ATy

245

front cover (TR4.E725)

T e ety P e

=
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GOR'KIY PEAT AND COAL~FIRING GRES
(Capecity: 204,000 kwe)

Source: Prozhektor, 1930, #34; pe 9.
FLATE 28A

L3
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Partial view of the bin o

GOR'KIY GRES (mixed
peat and coal fi
(Capacity: 204,000 k. ) ring)

Source: :Economic Review of the Soviet Union 193.2 #
' i ’

PLATE 28B ’ -

7 . Do :1640

=
——
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GOR.'KIY PEAT AND CGOAL-FIRING GRES
(Capacity: 204,000 kw, )

Source: USSR in Construction 1933, #3, p. 12 middle
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Declassifi -

foordinates: 540 501 N, 38° 12! R,

'.m:g-
ﬁ&e of constructions- First built in 1923,

First type design.

dostalled capacity: 186,000 Ky (1932),

e,

o

extended 1n 1931 and 1932,

¢ Poured-in-place reinforced concrote frame.

! Brick curtsin walls

3 wall section around the coal bunkers
finished with hollow conerete blocks, o0

Steel trusges and reinforced concrete heams,
3 Metal ghests and ruberoid,

-

fpenos: In the turbine hal1, originally 35 m, tons capacity later p::é:;f;bly
? increased to 75/15 m tons, %

:

bine hall floor:

1e_girders: Steel.

Steel frame on stesl stanchions, coversq withti‘le.:;
Reinforeed conorete, j

general power distribution co s ?onf

ntrol panel ig located in the conti
turbine hall gection,

Steal on roof of building,

‘Pstations: Stgel franes - outdoor,

: - -01043R001600080008-4
lassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-0
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General view of the boiler house and'the open-ai n -

KASHIRA PULVERIZED COAL~-FIRTHG GRES. (Capacityi 186,000 kw.)

Source: Blektricheskiye Stantsii 1933, #5, front cover (TKL ET725)
PLATE 29

R

S
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KASHIRA PULVERIZED COAL-FIRING GRES
(Capacity: 186,000 ky. )

Source: USSR in Construction 1930, #3,

top P 6
PLATE 204
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The_second section of the Kashira GRES under-eonstruction

KASHIRA PULVERIZED COAL-FIRING GRES (Gapacity: 186,000 ku.)

Source: USSR in Construction 1930, #3, p. 7, bottom.

PLATE 293

/
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The second section of the Kas

shira GRES under - construction

KASHIRA PULVERIZED COAL~FIRING GRES (Capacitys 186,000 kw.)

Source: USSR in Construction 1930, #3, p. 7, bottom.
) ' PLATE 29B

~113~
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’000 lmu)

Source: Elektricheskiye Stantsii, 1933, #6, front cover (TK4 #725)

PLATE 29C




b
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hall.

EASHIRA PULVERIZED COAL-FIRING GRES (Capacity:
Source:

186,000 kw.)

¥SSR in Construction 1930, #3, bottom p. 6

PIATE 29D
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=

Coal pulverizing egquipment.
KASHIRA PULVIRIZED COAL-FIRING GRES (Capacity 186,000 kw.)

Source: USSR in Construction 1930, #3, p. 7,

top right.
PLATE 29E
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Partial view of an outdoor shbsstation

KASHIRA PULVERIZED~COAL FIRING GRES (Capacity: 186,000 k)

Source: Elektricheskiye Stantsii 1933, #7, front cover, (TK4.E725)

PLATE 29F

Declassified in Part
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Partial view of the 115 kw,_outdoor s;.;by-s:batign.v-.
KASHIRA PULVERIZED COAL~FIRING GRES (Capacitys 186,000 kw.)

Source: Elektricheskiye Stantsii, 1937, #6, front cover (TR4.E725)

PLATE 296G
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COAL-FIRING GRES

186,000 kw.)

tep=up_transformer bank,
PLATE 29H

(Capacity:

Source: USSE in Construction 1930, #3, p. 7, top left.

KASHIRA PULVERIZED
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SHTEROVEA PULVERIZED

(Flates: 30, 304, 308B, 30C, 30D, 30E, 30F, 30G)

; E_Qm: Shterovka in the Ukranian Donbass,
"w%: .
oordizatos: 48° 05¢ 1§, 38° 551 .,

E&te of congtruction: Built in 1926, extended in 1930 and 1931, Reconstructed
v after the war.

s PFirst type design
%mm;;eg capagity: 152,000 kw. (1931)

ong: Turbine hall: Length - 115 ft.; width 50 ft.; Height - 65 ft.
“Feacdwater pump section: Length = 98 £t.; Width 23 ft.; Height 67f£¢,
Boiler houses Length - 164 ft.; Width 98 ft. 5 Height - 93 £t.

ﬂm: First construction - brick curtain wall, later extensions,
] relnforced eoncrete panels.

Jeof congtrustion: Steel trusses (prob).

stanchions tile floor cover.
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General view of the plant.
SHTEROVKA PULVERIZED COAL FIRING GRES (Capacity: 152,000 kw.)

Source: USSR in Conmstruction 1930, #3 top. pp. 10=-11.

PLATE 30
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5

Yiew of the main structure from the south.

SHTEROVKA PULVERIZED GOAL-FIRING GRES
(Capacity: 152,000 kw,)

Source: USSR in Construction 1930, #3, p. 10 middle.
FLATE 304
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SETL RO
General view of the GRES.

SHTEROVKA PULVERIZED COAL-FIRING GRES (Capacity: 152,000 ku.)

Scurce: Elektricheskiye Stantsii, 1936, #1, p. 9 (TK4.E725)
PLATE 30B
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SHTEROVKA PULVERIZED COAL-FIRING GRES
(Capacity: 152,000 kw.:)

Source: Prozhektor, 1930, #16, p. 29,

PLATE 30C
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SHETEROVARAPULVERIZED COAL-FIRING GRES
(Capmcity: 152,000 kw.)

Source: USSR in Congtruction 1930, #3, p. 10 bottom
FLATE 30D
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152,000 Ik, )

{Capacity
Source: Economic Review of the Soviet Union 1932, #13-l4,

SHTEROVKA PULVERIZED COAL-FIRING GRES
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|
"8ide view of the generator hajl.

SHTEROVKA PULVERIZED COAL-FIRING GRES
(Capacity: 152,000 kv.)

Source: Economic Review of the Soviet Union 1931, #3, p. 57

PLATE 30F
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Partial interior view of the turbine hall, second section.

SHTEROVKA PULVERIZED COAL-FIRING GRES
- (Capacity: 152,000 kw,)

USSR in Construction 1930, #3, p. 11 middle.

PLATE 30G
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y OAL

> an
f B (Plates: 9,-9A; 31, 31A, 31B)

Location: In the Ukranian Donbess.
Coordinates: 48° 04' N, 38° 15! E,

Date of comstruection: Built im 1931, extended in 1935,and 1939, reconstructed
after the wvar in 1949. .

Iayout type : TFirat type design.
Installed capacity: 200,000 kw (1935).
Dimensions: Boiler house: W - 86 ft; H. to Bot. of truss - 98 ft.
. Feedwater pump section: W, = 24,6 ft; Total Height - 90 ft.
: Bunker section: W -~ 29 ft. (est); Total Height - 94 f£t. (est).
Structural type: Poured-ih-place reinforced concrete frame,

Wall covering: Reinforced concrete peanels (prob).

Window sash: Steel.
Roof construction: - Steel trusses.

( Roofing: Kuberoid (prob).

Cranes® In the turbine hall cap. 75/15 (prob).

Crane g irders: Steel - g

Stackg: Eight steel on the .wfof of the building.

it s

129~ . ./7?

L\ .-

4
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Viey of the GRES and open eir sub-station.

ZUYEVKA PULVERIZED COAL~FIRING GRES
{Capacity: 200,000 kuv.)

Source: Arkhitelcbura SSSR 1933, #3~4, p. 30 top, (NA6.A74)

PLATE 31
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Genera}, view.
ZUYEVKA PULVERIZED COAL-FIRING GRES
(Capacity: 200,000 kw.) )
" Source: Elektricheskiye Stantsii, 1933, #3, front cover, (TK4.E725)

PLATE 31A

,
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100,000 kw. Tur! enerator at the partially reconstructed

ZUYEVEA PULVERIZED COAL-FIRING GRES
(Capacity: 200,000 kw.)

Source: Trybuna Ludu 1950, #52, p. 6 center.

PLATE 31B
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IVAROYO (formerly I!ANO\@-VOZ&&EUSK} PEAT-FIRING GRES
Plates: 8, 32, 324, 328, 32C, 32D, 32E).

5

; Locationt: City of Ivanovo (previously Ivanovo-Voznesensk) industrial center
i Coordinates: 57° 00! N, 40° 59' E.
‘3 Date of construction: 193L.

Installed capacitys 113,000 ko, a
Layout types First type ‘
Dimensions: Overall L = 490 ft, W - 177 ft., H - 116 ft,

Structural types Reinforced concrate.

Yall covering: Brick curtain or panel wall.

or—————————

Roof construction: Boller room - steel trusses; bunker, feed-vater p -
turbine sections - reinforced concrete beams and par

( Boofing:
Crapeg: In the turbine hall,

e

Crane girders: Reinforced concrete.

: Stacks: Steel, located on the roof.

Fuel deliverys Over steel trestle

o et G % £

-133-

ey
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T~

|Side view of the main building undér construction.

1VANOVO (formerly Ivanovo-Vooznesensk) PEAT-FIRING GRES (Capacity: 113,000 kw.)
Source: USSR in Construction 1930, #2, p. 13 middle.

PLATE 32
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Construction work st the GHES.

IVANOVO (formerly Ivanovo-Voznesensk) PEAT-FIRING GRES
(Capacity: 113,000 kw.)’

Source: Finfzehn Eiserne Schritte, Berlin 1932, p. 6l.

PLATE 328

135~

-
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Main structure in_the_advenced stage of construgtion..

IVANOVO (formerly Inavovo-Voznesensk) PEAT-FIRING GRES
(Capacity: 113,000 kw.)

Source: USSR in Construction 1930, #3, p. 20 center.

PLATE 32B
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e e e
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Pt

GRES under construction.

d

IVANOVO (formerly fwanovo-Voznesensk) PEAT-FIRING GRES (Capacity: 113,000 ky )

Scurce: Prozhektor 1930, #17, p. 26.

PLATE 320 137

o
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Side View,

IVANOVO (formerly Ivanovo-Voznesensk) PEAT-FIRING GRES
(Capacity: 113,000 kw.)

Source: Arkhitektura elektrostantsiy 1939, p. 168 bottom, (TH4581.45)
PLATE 32D
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IVANOVO (formerly Ivanovo-Voznesensk) PEAT-FIRING GHES
(Capacitys 113,000 kw,)

Source: Pyatnadsat' let leninskogo plana elektrifikatsii 1936, p. 57
(TK85.D6)

PLATE 32E
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STALINOGORSK COAL-FIRING GRES
(Plates: 12, 124, 33, 33A, 33B, 33C, 33D, 338)
Location: Stalinogorsk in Moscow Reglon.

Coordinatess 54° 05' N, 38° 14' E,
Date of constrictions 1934 - expanded in 1936 (auxiliery building).
Ingtalled capacity: 150,000 kw.

Dimensionss Overall: W. 2200f%.
Main building: Bunker section - W.36 ft.
Boiler house - W. 90 ft.
Feedwater tank section - W. 27.8 ft.
Turbine hall - W. 66.4 ft. H. to truss - 39 fto(est)o
Layout type: First type design.
Structural 3 Poured-in-place reinforced concrete frame.
Wall covering: Brick curtain walls end reinforced concrete panels (est).
Roof construction: Steel trusses (boiler house and turbine hall)sreinforced
concrete beams (bunker section, feedwater tarnk section,
switeh house)
Roofing: Ruberoid (prob).
Cranes: In the turbine hall, cap. 75/15 (est).
Crane girders: Steel (est).

Stacks: Steel on the roof of the building,

~140-

”
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The GRES under. _construction.

STALINOGORSK COAL-FIRING GRES
{Capacity: 100,000 kw.)

Source: Aviatsiya i Khimlya 1931, #10-11, p. 33, (TL 504.Z3)
PLATE 33
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(Corl-firing)

100,000 kw. )
USSR in Construction 1934, #1, p. 24 top.

PLATE 33A

(Capacity:
Source:
Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

"Stalin® GRES under ccnstz‘uc:hion.

STALINOGORSK GRES "STALIN"
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-

xterior view.
STALINOGORSE CCAL-FIRING GRES (Capacity: 100,000 kw.)

Source: Prozhektor 1932, #9-10, p. 33, left third from top.
PLATE 33B
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STALINOGORSK COAL-FIRING GRES
souf 8Pk 1 Re800k s antets 1936, #2, front cover, (TKA.ET25)
PLATE 330
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oot

. General view.
STALINOGORSK AUXILIARY POWER PLANT

Source: Pafos Osvoyenie, p. 83, (T26.R3M6)

PLATE 33D
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Partial view of auxiliary power plant.
STALINOGORSK AUXILIARY POWER PLANT

Source: USSR in Construction 1934, Wo. 1, back cover.

PLATE 33E :

~1U6-
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TALINGRAD PULVERIZED COAL: ING GR

4

(Platess 10, 34, 34A, 34B)
Loeation: (City of Stalingrad on the bank of Volga River
Coordinateas 48° 42' N, 44° 30' E. -
Date of construction: 1930
Installed capacitys 75,000 ks (1934)
layout typs: First type.
Outaide dimensions (available)s W - 162.5 £t.; H - 106.0 ft.
Structural typ : Reinforced concrete. . '

Wall coveringt

1) Boiler room - Warren parallel chord steel trusses.

2) Bunker sgection, foad-water pump section and turbine hall -
reinforced concrete beams and slaba.

Roof constructiont

Roofings Presumably ruberoid.
Crane: In the turbine hall.
Crane tirde;s-z Inthe turbine ball - reinforced; concrete

Stackst Steel, located on the roof.

=147=
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Main building under constructio

STALINGRAD PULVERIZED COAL-FIRING GRES
(Capacity: 75,000 kw.)

Source: USSR in Construction 1930, #3, p. 21 middle.

PLATE 34

- J— - R . T ————
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Partial exterior view.

STALINGRAD PULVERIZED GOAL-FIRING GRES
(Capucity: 75,000 k. )

Sources Prozhektor 1930, #35, p. 6 bottom left.
PLATE 344
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Exterior view.

STALINGRAD PULVERIZED GOAL-FIRING GRES
(Cepacity: 75,000 kw.)

Source: Elektricheskiye Stentsii 1936, #8, front cover, (TK4.E725)
PLATE 34B ‘
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STALINGBAD TRACTOR PLANT TETS
(Platess 34C)

R T

'{ Location: 1In the northern part of the city of Stalingrad, on the bank of the g:lga; n
: ve:
Coordinates: 48% 42' N, 44° 30' E,
E te f congt ction: Destroyed durlni the war - reconstructed during the Fourth :
Piatiletka (1946-1950)
Iayout type: First type.
¥
i Installed capacity: 19,000 kw. (1936).
! Dimengions:
‘E I

tural 8t Appears to bs a combination of steel and brick. Stéel freme with -
. continuous steel sash windows - for side walls..Brick wallbearing
: Wall covering: construction for front walls. ]
i Roof congtruction:

Roofing:

| ( Cranes: 1, turbine hall

Crane girders: gieel
Stacks: Steel, located on the roof.

£ o

St

:

~151-
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View of the boiler room

STALINGRAD TRACTOR PLANT POWER STATION (pulverized coal-firing)
(Capacity: 19,000 kw.)

Source: Economic Review of the Soviet Uniom 1931, #17, p. 395.
PLATE 34C
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(Plates: 35, 35, 35B, 35C, 35D)

WHITE RUSSTAN PEAT-FIRING GRES.

Location: Near or in Orekhovsk, White Russia.
Coordinates: 540 42' N, 30° 30' E.
Date of constriction: 1930

; Layout type: . First type.
Installed capacity: 20,000 kw.

Dimendions:

Structural tyre: Reinforced concrete freme. Brick panel walls.

Wall covering:

Roof construction: i

Roofing:

Cranes:

Crane girders:
Stacks: Steel, located on the roof.

AT € v s
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General view,

WHITE RUSSIA
20,000 ks - 1931)

(Capacity:

PEAT-FIRING GRES IN OR NEAR OREKHOVSK

Elektricheskiye Stantsii 1936, #1, p. 19, (TK4.E725)

Source:

y Approved for Reléase 2013/02/25 - CIA-RDP81-01043R001600080008-4

Declassified in Part - Sanitizéd Co D)




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

—

The first section of the plant.

PEAT-FIRING GRES IN OR NEAR OREKHOVSK, WHITE RUSSIA.
(Capacityt 20,000 lw. - 1931)

P Source: Economic Review of the Soviet Uniom 1932, #7, p. 151
FLATE 354
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Exterdior view.

PEAT-FIRING GRES IN OR NEAR OREKHOVSK, WHITE RUSSIA
(Capacity: 20,000 kw,)

Source: Prozhektor 1930, #35, p. é bottom right.
PLATE 35B

— — — ", i i
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The GRES under construction
PEAT-FIRING GRES IN OR NEAR OREKHOVSK, WHITE RUSSIA
(Capacity: 20,000 kw. - 1931)

Source: Prozhektori: 1930, #26-27, p. 22 center left.
PLATE 35C
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Pertial view of the roof.

o e i s iR

PEAT-FIRING GRES IN OR KEAR OREKHOVSK, WHITE RUSSIA
; (Capacity: 20,000 kw.)

Source: Proghektor, #29, p. 30 top center. .

PLATE 35D ’
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. BEREZNIKT PULVERIZED GOAL-FIRING TETS

(Plates: 36, 36A, 36B, 36G)
dogation: On the site of the Peresnikl Ghemical Works.
&mﬁz 5% 21' N, 56° 401 E.
Date of construction: 1931.
lovout type: First type.
dnstalled capsoity: 93,000 kw.

Strugtural type: Reinforced soncrete and steel,

Hall covering: On the side wall - continuous sash windows and reinforced
conerete panels

Roof conptryction: In turbine hall - steel trusses

Boofings
Cragegps In the turbine hall

Crane girderg:s Reinforced concrete.
Stackps Steel, located on the roof.

Ixegtles for fuel delivery; Steel

C————

Remarkg: Two 10,000 kve, step~up transformers are installed in the open alr
sub-station; the Berezniki TETS is thus connected with the
Kizelovsk and Soliksmsk power etations.

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Berezniki TETs under construction.

BEREZWIRKI PULVERIZED-COAL FIRING TETs
(Cepacity: 93,000 ku.)

Source: Khimstroy 1932, #1, p. 1379, (TPL.K5)
PLATE 36
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BEREZNIKI TETs (ri)verized coal-firing)
(Capscity: 93,000 kv.)

Source: Pyatnadsat! let leninskogo plana elektrifiketsii, 1936, p. 51, (TE85.D6)
PLATE 364
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Exterior view of the TETsrgerving the Bereznik: i

cal Works.

BEREZNIKI PULVERIZED COAL-FIRING TETs
(Capacitys 93,000 kw.)
Source: USSR in Construction, 1932, #5, p. 26.

PLATE 36B

e e

Kinia
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BEREZNIKI TETs
(Capacity: 93,000 kw.)

(pulverized coal-firing)

Source: DK267.A1UL, 1932, #5, p. 26.

PLATE 36C 163~
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~ (Flates: 37)

Iocation: Apperently on the site of the Solikemsk Chemical Flant.
Coordinatess 59° 38! N, 560 47' K,

Dete of construction: Prior to 1932,

Inxgut tn:_e: Firat type.
Installed capacitys

Dimengions:

Structural type: Reinforced concrete, poured-in-place.
Wall covering: Probably brick penel wvalls.

Roof construction:

Roofing: Sheet iron.

Cranes:

Crane girderss
Stacks: Stesl, located on the roof.

i
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Parwg' ial wyiew from the window of another building,

SOLIKAMSK COAL-FIRING GES

Source: USSR in Construction 1932, #5, ‘p. 21.

PIATE 37 -165-
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A 1! ES
& (Platest 738, 3¢, 388, 36C, 38D)
Logations.
 Coordinatess 550 00" N, 85° 00% E. ——- (approxinate)
Date of coﬁstg._:__otion: 1931,
Installed .cag citys 109,000 k.
Iayout typet urat tym .
Dmnlions: Ovpmil w Lo = 4625 fHe3 W = 193.7 £to3 Ho = 13650 ft.

Structural tmg' t Poured-in-place reinforced concrete,

¥all gcoverings

Roof constructions Steel trusses in the boiler house end turbine hall;

reinforced conrete beams in bunker and feed water pump
asection,

Roofings Presumb}.y z"uberoid.

et o e o e et e Aot iy

Crencss In the turbine hall; probable capecity - 75/15 tons,
C;'ane girders: Reinforced concrete.

i Stacks: Steel, located on the roof.

E Switch house: Reinforced concrete.

5 ot e

-166-
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A Central power station at the Metallurgical Plant in the progess of congtruction.

KUZNETSK COAL AND BLAST FURNACE GAS FIRING TETs i
(Capacity: 60,000 kw. - Projected 109,000 kw.) i

Source: USSR in Construction 1932, #4, p. 19 bottom, (DK267.41U3)
PLATE 38
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Central power station af the Metallurgica) Works.

KUZNETSK COAL AND BLAST FURNACE GAS FIRING ’IEETS
(Capacity: 60,000 kw. - Projected 109,000 kw.).

Source: USSR in Comstruction 1932, #4, p. 20 top, (DK267.A1U3)
PLATE 384
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Centrsl power station at the Metallurgical Plant.

RUZNETSK COAL AND BLAST FURNACE GAS FIRING’TEI:S
(Capacity: 60,000 kw. ~ Projected 109,000 kv.)

Source: USSR in Construction 1932, #4, p. 10 bottom, (DK267.A1U3)

PLATE 38B
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Partiel view of the TETS

KUZNETSK COAL AND ELAST FURNACE GAS-FIRING TETs
(Capacity: 60,000 kw. = Projected 109,000 kw.)

Source: Arkhitektura elektrostentsiy 1939, p. 179, (TH4581.45)
‘ FLATE 38C
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Partial view of the Emg;sh;:uing thezgrax pond.

KUZNETSK COAL AND BLAST FURNACE GAS-FIRING TETs
(Capacity: 60,000 kw. - Projected 109,000 kw.)

Source: Arkhitektura elektrostentsiy 1939, p. 178, (TH4581.45)

FLATE 38D

ey -
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! "CHELYARINSK COAL-FIRING GRES

. (Platess 39, 39A)

:2. 2 Locatlopt Chelyabinsk, industrial city in the Ural' Mountains
Goordimates: 550 10' N, 610 24! E. ’

t Date of congtruction: 1930.

1‘ Layout type: First type.

% I lled capaeitys 150,000 kw.
Pimenglong: ;
Structural types Reinforced concrete frame
Wall coverings Reinforced concrete panels (prob.)
Roof constructions
Roofing: Ruberoid (prob.)

{ Cranes:

Crane girders:
Stacks: Steel, located on the roof.

e

-172-
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GRES under comstruction.

CHFLYABINSK COAL-FIRING GRES
(Capacity: 150,000 ku.)

Source: USSR in Construction 1930, #3, p. 20 bottom.

PLATE 39
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4

General view of the first sectiop nearing comnletion.

CRELYABINSK COAL~FIRING GRES
(Capacity: 150,000 kw.)

Source: Elektricheskiye Stantsii 1932, #9, front cover, (TK4.E725)

PLATE 39A
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'MAGNITOGORSK COAL AND BIAST FURNACE GAS-FIRING GES
B ¢ (Plates: 40, 40A, 40B)
Loc

ations Magnitogorsk Industrial city in Ural Mountains
Coordinates: 53° 27! N, 59° 04 E. -

Date of construction: Before 1933.

Layout type: First tym, ‘

Imtallod' capacitys 98,000 kw.
Dimensionss

Structural type: Cost-in-place reinforced concrete frame

Wall covering: Brick panel walls
Roof eonstructions

Steel trusses, probably wood sheatting

{ Roofing: Probably tar and gravel

Craness

Crane girderss

Stackss Steel » located on the roof.

i
!
i
¢

175 o
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erial view. GES und ongtruction.

MAGNITOGORSK COAL AND BLAST FURNACE GAS FIRING GES SERVING THE METALLURGICAL PLANT
(Capacity: 98,000 kw. - Projected 350,000 kw.)

Source: USSR in Construction 1932, #1, p. 32 bottom.
PLATE 40
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GES
MAGNITEGORSK COAL AND BLAST FURNACE GAS FIRING GES

98,000 kw. - Projected 350,000 kw.)
Ogonek 1932, #18, p. 13 bottom right, (AP50.042)

(Capacity:

Sources

PLATE 40A

v Approved for Release 2013/02/25 : CIA-RDPS1-01043R001600080008-4
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MAGNITOGORSK -COAL AND BLAST FURNACE GAS FIRING GES SERVING THE METALLURGICAL PLANT
(Capacity: 985,000 kw. - Projected 350,000 kw,)

Source: Arkhitektura elektrostentsiy 1939, p. 170, (TH,L581.A5)

PLATE 40B
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ERAMATORSK COAL AND BIAST FURNACE GAS FIRTNG POWER STATION
P (Plates: 41, 41A) '
g‘f cation: Don Basin (The power station serves the metdllurgical plant)
Coordinatess 48° 43' N, 37° 33' E.
Date _of congtruction: Before 1932,
Layout iy_‘ge:' First type.
Ingtalled capacity: 25,000 kv.

Dimensionss

ks e ey oy

Structural ot Appears to be reinforced concrete.

Wall covering:
Roof construction:

Roofing: Shest-iron.

j( Craneg:
‘ Crane girderst
Stagkst Steel, located on the roof,

e e A S Y

N
et s e
—
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deria) vieu.

KRAMATORSK COAL AND BLAST FURNACE GAS FIRING GES
(Capacity: 25,000 kw. - Projected 57,000 kw. )

Source: USSR in Conmstruction 1932, #7, p. 8.
PLATE 41
;'gw - P £211 28 ’ -

<
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Water gooling towers.
KRAMATORSK COAL AND BLAST FURNACE GAS FIRING GES
(Capacitys 25,000 kw. - Projected 57,000 kw,)

. Source: USSR in Construction 1932, #7, p. 8 bottom
PLATE 41A
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(Platess 42)
Locations City in Kuznetsk Basin, central Siberia
rdinates: 550 200 N, 80 051 £,
Date of congtruction: 1934,
. lavout types First type.

Instalied capacitys 48,000 kw,
Dimensjong:

Structural type: Reinforced concrets.

i Wall coveri_ngl
§

' Roof construction:

Roofing: Probably sheet iron

( Cranes:

Crane girders:

Stacks: Steel, located on the roof,

R et e .

—
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KEMEROVO COAL-FIRING TETs
(Capacity: 48,000 kw.)
Source: Elektricheskiye Stantsil 1934, #3, front cover, (TK4.ET25)

PLATE 42
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) Hl:) PEATw
<. (Flatess 43, 43)
locations City east of Urals; between Nizhniy Tagil and Chelyabinsk
Coordinateas 56° 50' N, 60° 38! B, -
Dnte of construitians '
layout types Firat type.
L Joatalled capacitys 10,000 kw.
Dimnaions: -

St } tural el Reinforced concrete frame.
¥all covering: Brick panel walls,

ongtruction:

Roofing: Sheet-iron on sloping part; tar & gravel on flat part.
Crenest

Czane g irders:
Stackn: Steel, located on the root;.

-184-
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Partial exterior view of the "OUpaimaghstroi® Machine Buildi:

SVERDLOVSK PEAT-FIRING TETs
(Capacity: 10,000 kw. - Projected 18,000 kw,)

Source: USSR in Comstruction 1932, #7, p. 19 top.

PLATE 43
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1¢1. 4> X

-~ gUPD]Y -E g les RS o of of]
{Serving “Uralmashstroi* - Urel Machine Building Works)
& - .« SVERDLOVSK PEAT-FIRING TETs
{Capacity: 10,000 kw. = Projected 18,000 kw.)
Source: USSR in Construction 1932, #7, p. 19 bottom.

PLATE 43 O _
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e

YOROSHILOV
@ ; (Flates: 44).
Iocatlont (Cityim Southern Donbass, Ukraine
Coordinates:: 4;80-3'0' N, 380 47t E.
Date _of construction: After 1936.
layout type: First tyme. i
Ingtalled capmelty: 24,000 k.. i
Dimensiong:

aaen E T

Structural type:
Wall covering:
Roof congtruction:

Roofing: Probably sheet iron
Craneg:
Crane_girders:

Stacks: Appears to be stesl, located on the roof. =

-187= ~
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VOROSHILOVSK COAL AND BLAST FURNACE GAS-FIRING GES
(Capacity: 24,000 kw.)

Source: Ogonek, 1947, December, p. 6 top right.
PLATE 44
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% (Flatess 45, 45A, 45B, 45C, 45 D, 45E.)
locsidon: On the shore of Volga in the city of Saratov
Soordinatess 51° 34! N; 46° 02' B
-Date of constructions 1930 ' T
- Jnstalled capacitys 22,500 kv
layout tvpes First type
Rigenaionss

Structural tvpe: Reinforced concrete frame
Xall_covering:
{' Reof_conatructions
Boat covering:
Crapess
Srane girdsras
Stacks: Steel; located on the roof

|
i
|

Ss——————

Remarks: There is also a 12,000 kv TETs at Saratov.

~189~
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i FEION, 2 % 1%
. The GRES ynder copstructiog. 7 ‘
3
SARATOV COAL-FIRTNG GRES
(Capacity: 22,500 kw.)
N Source:s Prozhektor 1930, #9, p. 14 bottom left.
VT , PLATE 45
. ¢190. :
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SARATOV COAL-FIRING GRES
(Capacity: 22,500 kw.)

Source: Prozhektor 1930, #26-27, p. 24 bottom left.
PLATE 45A
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SARATOV COAL-FIRING GRES
(Capacity: 22,500 kw.)

Source: Prozhektor 1930, #35, p. 9, bottom right.
PLATE 45B

i
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~$61-

GRES on ction.
, SARATOV COAL-FIRING GRES
(Capacity: 22,500 kw.)
Source: USSR in Construction 1930, #3, p. 21 top.
PLATE 45C
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SARATOV COAL-FIRING GRES
(Capacity: 22,500 kw.)

Source:s Pyatnadtsat! let leninskogo plana elektrifikatsii 1936
pe 43, (TX85.D8) !

PLATE 45D
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Partial view of the steam viving sygtem.
SARATOV GOAL-FIRING GRES
(Capacity: 22,500 kw.)

Source: Prozhektor 1930, #9, p. 14 bottom right.

PLATE 45E

I

; i SO E s S c
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CSLAVLY PEAT-

: (Flatess 46) -

f lesatdon: Left bank -of the Volga River, near the city of Yaroslavl'
Coordinates: 57° 35' N; 39° 50' E.
Date of copsirugtions 1931

| Izatalled capachtys 41,000 kv
Lavout type: Pirst type
Dinenaiones
Siructural type: Reinforced concrete

{| ‘all Coverings Brick, and block panel walls and curtain walls

Stiagka: Steel; located on the roof
Wl Over steel trestles

«1G6

- . -
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41,000 kv, )

Elektricheskiye Stantsii 1936, #6, front.cover, (TK4.E725)

PLATE 46

YAROSLAVL'! PEAT.FIRING
(Capacity:
Source:

Side view of the hoiler house.
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T i YARCSLAVL! PFAT FIRING TETS
€ (Platess - 464)
Locatians Site of the Yaroslavi! Rubber and Asbestos Plant
Scordinatess 57°_35' Ny 39° 50! E (approximately)
Date of constructions 1933
Jostalled capacity: 130,000 kw
lavout fyoes FPirst type

et s TS

Siagks: Steel; located on the roof
Riel deliverv: over a reinforced concrete trestle

=198
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T

YAROSLAVL' PEAT-FIRING TETs AT THE YAROSLAVL'! RUBBER AND ASBESTOS PIANT
(Cepacity: 130,000 kw.)

Source: Elektricheskiye Stantsii 1934, #7, front cover (TK.E725)

|
i
!
{
|
i
i
i
1
1
¢

PLATE 46A
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: BAKU CRUDE OIL, GAS AND MAZUT ‘FL_!E_L OIL) FIRING GHES "KI.MSNAYL ZVEZDAN
l (Platess 47, 474)

z Ibcation: Baku, Azerbaydshanskaya SSR, on east Caspian Sea

Coordinatess 40° 23t N 49° 55¢ E. ,

Date of construction: Prior to the 1921 ®GOELRO® plan; expanded since then

Installed capacity: 109,000 kw
Layout_type: First type

i Dimensionss

Structural type:
( . Wall coverings:

Roof constructiong

Roof covering:

Craness

Crane girderss
Stackss Steel; located on the roof

PRSI Lo

«200
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General view.

BAKU "KRASNAYA ZVEZDA" CRUDE OIL, GAS AND MAZUT (fusl oil) FIRING GRES
(Capacity: 109,000 kw.)

Source: USSR in Construction 1932, #3, pe 25, center left.
PLATE 47
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BAKU CRUDE OIL,
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GAS AND MAZUT (fuel oil) FIRING GRES "KRASNAYA ZVEZDA".
(Capacity: 109,000 kw.)

Source: Elektricheskiye Stantsii 1936, p. 37, (TK4.E725)
PLATE A7A

roved for Release 9013/02/25 - CIA-RDP81-01043R001600080008-4
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wid

f
P BAKU OIL, GAS AND MAZUT (FUEL~OIL) FIRING GRES WKRASIN® -
(Platess .lt’iB)
‘Lesatloni Baku, Azerbaydzhanskaya SSR; on east Caspian Sea
; Coordinateas 40° 23' N; 49° 55! Es
’ Date of copstructiont Prior to the 1921 “GOELROY plang éxpanded since thox; T
© 7 Ietalled capuclty: 67,000 kv |
Lawouk typer First type
Dimensions:
Yall covering:
Boof copatruction:
i Graneas
——
Stackss Steel, located on the roof
i
v
. (/.
- -203- ¢ M
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Parti w _of th 1

BAKU "KRASIN® OIL-GAS AND MAZUT (fuel oil) FIRING GES
(Capacity:s 67,000 kw.)

Source: Pyatnadsat' let leninskogo plana elektrifikatsii 1936,
p. 37, (TK85.06)

PLATE 47B
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NOVOROSSIVYSK MAZUT (PUEL#*OIL) FIRING GRES
(Plates: 48)

Location: Port on Black Sea, east of Sea of Azov
Coordinates: 44° 43! n; 37° 47 E

g et g

: Date of construction: 1930

Installed capacity: 20,000 kw
Layout type: First type

Dimensions:

Structural type: Reinforced concrete f
{ Wall covering:

Roof construction:

Roof covering:
Craness

i Crane girders: :
Stacks: Steel; located on the roof ) 1

Lt i

~205 .
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NOVOROSSIYSK MAZUT (fuel-oil) FIRING GRES
(Capacity: 20,000 kw.)

Source: Elektricheskiye Stantsii 1936, #1, p. 41, (TK4.E725)

PLATE 48
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VORONEZH PULVERIZED COAL-FISHING GRES
i (Plates: 49)

g Locatlon: City on Don River;, 300 miles south of Moskva
: Coordinates: 51° 38' N; 20° 12' E
: Date of construction: 1934

Installed capacity: 24,000 kw (193%)
Layout type: Flrst type

Dimensions:

Structural type: Reinforced concrete f

Wall covering:

Roof construction:

Roof covering:

Cranes:

NS .

Crane girders:

Stacks: Steel; located on the roof

ling ),

§p Sotmirmain

Fles

L s

«20T~

g
5
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arti oy_of the GRES and thg ope hd o

VORONEZH PULVERIZED COAL-FIRING GRES
(Capacity: 24,000 kw.)

Sources Elektricheskiye Stantsii 1936, #11, front cover, (TK4.E725)
FLATE 49
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© KAZAN! COAL~FIRING TETS

(Plates: 50, 504)
Location: - City on Volga River, 440 miles east of Moskva
Coordinates: 550 45! N; 49° 08! E
Date of comstruction: 1932

i R Sne ey
e eGSR T %

Installed capacity: 20,000 kw
Leyout type: First type

Dimenslons:

Structural type: Reinforced concrete

Wall covering:

Roof construction:

Roof covering:

Craness

. Crane girders:
Staclgs Steel; located on the roof

~\

Zgurd : P
G e A R T PR TR
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 Partisl exterior view.
KAZAN' COAL~FIRING TETs
(Capacity: 20,000 kw.)

Source:s Piatnadsat'let leninskogo plana elektrifikatsii, 1936,
ps 63, (TK85.D6)

PLATE 50
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KAZAN! COAL-FIRING TETs ;
(Capacity: 20,000 kv.) '
Source: Elektricheskiye Stentsii 1936, #7, front cover (TK4+E275)

PLATE 50A

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

MOSKVA _COAL~FIRING TETS “STALIN®

(Plates: 51)«{ 5 I&)
Location: Moskva

; Coordinatess 550 45%; 37° 350 E

Date of construction: Between 1931 and 1935

Installed cip;city: 25,000 kw (1936). Projected capacitys 100,000 kw

layout type: Second type

Dimensions:

Structural type:
Wall covering: Probably brick panel walls

¥

4y

§

Roof construction:

Roof coverings

Craness
Pl Lol

Cranesgirders:
Stacks: Appear to be separate from the building

i
i

212w

Declassified in Part - Sanitize Copy Approved for Release 2013/02/25 : CIA-RDP1-O1043060000008-4 )



MOSKVA COAL-FIRING TETs "STALIN®
(Capacitys 25,000 kw.)

Source: Markin, A.B., Budushchyeye Elektrifikatsii SSSR, 1956, p. 22,
(TE85.M3)

PLATE 51
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o

View during constructjon
MOSKVA COAL-FIRING TETs "STALIN® (Capacity: 25,000 kw.)

Source: Elekt'?ichaskiye Stantsii 1936, No. 1, top p. 12.
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JOSKVA MAZUT (FUEL-OTL)-FIRING POWER STATION "SMIDOVICH™
w (Platess 514, 51B, 51C, 51D)

Location: Moskva

Coordinatess 550 45'; 370 35' E

Date of construction: 18863 reconstructed several timesj a 12,000 kw turbine
added in 1933 for district heating

Installed capacity: 120,000 kw

Layout type: First type

\
Dimensions: ;

Structural type: Probably partly brick well, partly reinforced concrete
frame

)

Wall covering: Various; probably partly concrete, partly brick curtain walls
\Roof:.constructions Shs TS
Roof covering:

Crane girders:

. Stackss Steel; located on the roof

'
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Goneral view.

MOSKVA MAZUT (fuel-oil) FIRING GES "SMIDOVICH"
(Capacity: 120,000 kw.)

Source: Pyatnadsat' let leninskogo plana elektrifikatsii 1936, p. 31, (TX85.D6)

PLATE 51A
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Side view,

MOSKVA MAZUT (fuel-oil) FIARING GES "SMIDOVICH"
(Capacity: 220,000 kw.)
Source: USSR in Construction 1931, #9, p. 27 middle.

PLATE 51B
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Exterior view of the boiler house.

MOSKVA MAZUT (fuel-oil) FIRING GES "SMIDOVICH"
(Capacity: 120,000 kw.)

Source: USSR in Construction 1930, #3, p. 19 top
PLATE 51C
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Construction detail.

HOSKVA MAZUT (fuel-oil) FIRING GES "SMIDOVICH"
(Capacity: 120,000 kv.)

Source: USSR in Construction 1931, #9, p. 27 top

PLATE 51D
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MOSCOW HIGH PHESSURE COAL-FIRING TETS (ENERGO)
(Plates: 5I1E)

Location: Site of the All-Union Heat Technical Institute in the suburbs of
Moscow

Coordinates: 55° 45t; 37° 35' E
Date of constrgction: 1933

Installed capacitys 60,000 kw

Layout type: Firstitype
Dimensionss i
Structural type: Probably poured-in-place reinforced concrete frame i
Wall covering: Probably brick panel walils
Roof constructiont”

Roof coverings

Cranest

Crane girders:
Stacks: Steel; located on the

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4
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General view

MOSCOW HIGH PRESSURE COAL-FIRING TETs (ENERGO)
(Capacity: 60,000 kw.)

Source: Pyatnadsat' let leinskogo plana elektrifikatsii 1936, p. 67, (TK85.D6)
.. PLATE 51E
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ELEKTROGORSK (FORMERLY ELEKTROPEZEDACHA) PEAT-FIRING PLANT
KLASSON", MOSENERGO GRES
(Plates: 51F) '
Location: 12,5 miles from Noginsk, Moscow oblast!
Coordinates: 55° 53t N; 38° 47! E
Date of construction: Before 1930
Installed .capacity: 46,000

Layout typé: First type
Dimensions:

Structural type: Reinforced concrete frame

Wall covering: Pregumably brick
Roof construction:

" Roof covering:
granes:

Crane girders: Steel (prob.)
Stacks: éteal; located on the roof,

T szl

R e Lt T it e

o

K X [ Fa .
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. Side vi_gw
ELEKTROGORSK (formerly Elektroperedacha) "KLASSON®, PEAT FIRING PLANT #3, MOSENERGO GES
(Capacity: 46,000 kw,)

Source: USSR in Construction 1930, #3, p. 19 middle.

PLATE 51F

o
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4. COAL-FIRING ARTEM_GRES "KIROV® IN PRIMORSKIY KRAY

(Plates: 52, 524)
Locationt Approximately 25 miles from Vladivostok dn Suchanskaya Rdilroad.
Coordinatess 430 22' N, 1320 19! E, |

Date of consjt._ruc'biorf : Apparently in 1936.

Installed capacity: 50,000 kw.
layout type: First type.

Dimengions:

Structural typst Reinforced conerete fmme,

Wall covering:
Roof constructions

Roofing:

Cranes:

Crane girders:

Stacks: Steel, located on the roof,

Fuel deliverys Over a reinforced concrete trestle.

=22 : o A
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Side view of the GHES.

ARTEM GRES "KIROV" IN PRIMORSKIY KRAY (coal firing)
(Capacity: 50,000 kw.)

Source: Elektricheskiye Stantsii 1937, #5, front cover (TK4.E725)
PLATE 52
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ARTEM GRES *KIROV® (Primorskiy Kray) (coal firing)
- (Capacity: 50,000 kw.)

Source: Krasnoye Znamja 1947, #10, p. 4

i PLATE 524

l

226w :

i
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(Flates: 53 )

logatdons In-Donbass, southern Ukraine
Soordinategs 48° 36' K, 380 01' E,
Iostelled capecilys 400,000 kw.
Lavoyt types

Rimenalong s

Structural typey
¥all coveringi

Roof gonstrugtion: Turbine hall - longitudinal monitor, braced light
steel trusses:

Boofing:

Cranes; In the turbine hall,
Srane glrderss

Stackei

B
o -

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

MIRONOVSKAYA COAL-FIRING GRES NEAR ARTEMOVSK (Stalinskaya C.)
(Capacity: 400,000 kw,)

Sources Markin, A.B., Budushchyeye Elektrifikatsii SSR 1946, p. 21 (TK85.M3)
PLATE 53

28~
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SLAVYANSK GRES IN_STALINSKAYA OBLAST?

(Plates: 54, 544)

docation: Slavyansk, Stalinskaya Oblast?, Ukrainskaya SSR.
Coordinates: 48° 52! Nj 37° 36! E

Date of construction: 1951-1955.

Installed capacity: 200,000 kw (1955)
layout type: Fourth type.

Dimensions: (est)

Structural type: (est) Lover part of building-reinforced concrete frame;
{ ; upper part of building: steel members

Wall covering:

Roof construction:

Roof covering: Ruberoid over reinforced concrete slabs (est.)

Cranes: In turbine hall-est. cap. 150/30 m ton in boiler house
Crane girders: S’teel solid web (est). .

Stacks: Reinforced concrete (prob.)

)

£
6,
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Partisl ekterior view of the turbine room.

SLAVYANSK GRES

_ Source: Zarya Vostoka 1955, 5 Oct., #236, ps 2, (AP50.23)

PLATE 54
230~
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SLAVYARSK GRES
Source: Teploenergetikm, 1957, #4, front eover
.) : - PLATE 54A

-231-
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K

; ! ' [
i (‘ . (Plates: 16, 16a, 55, 554, 55B)
Looatiori: Town 160 miles south of Moskva

Coordinates: 540-077 N, 360 24! B,

Date of construction: 2nd section was ﬁnder construction in 1956,

Installed capacity: 300,000 kv, in 1956; projected cam city - 600,000 kw,
before 1960,

Iayout $ Fourth type.
Dimengions: Overall = W. = 259.3 fte; He = 131.0 fto; L - 433.0 £t.

Fre s

Structural typet Steel frame.

Wall covering. Probably brick curtain walls.

Roof congtruction: Boiler room - longitudiml monitor; braced light steel
trusses, .

Roof: ing:
' ( Cranes:

Crane girdera: Steel.

Stacks: 2 stacks presumably of reinforced conerete; located 52,5 ft. from
the smoke exhaust installation. i -

)

™~

- J»232~

~

~
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CHEREPET® GRES

(Projected final capacity: 6005000 kw.)

Source: Markin, A.B., Budushchyeye Elgktrifikatsii SSSR,
1956, p. 51, (TK85.43)

PLATE 55
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arti nterior view of the turbine room.
CHEREPET! GHES
(Projected final capacity: 600,000 kw.)

Source: Izvestiya 1956, #72, p. 1
PLATE 55A
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Turbine hall housing a 150,000 kw. turbine.

CHEREPET' GRES
(Projected final capacity: 600,000 kw.)

Source: Markin, A.B., Budushchyeye Elektrifikatsii SSR 1956, p. 53, (TK85.M3)

PLATE 55B

' Déciassified in Part - Sanitized Copy Approved for Release 2013/02/25 - CIA-RDP81-01043R001600080008-4




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

q0144C6

INVESTIGATIONS ON REINFORCED
CONCRETE PANELS AND DEEP BEAMS

Report No. 93

Copy No. 3

d in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

INVESTIGATIONS ON REINFORCED CONCRETE PANELS AND DEFP BEAMS

Report No. 93

Translation i’roparod

by .
Air Information Divieion, Engineering Section
Library of Congress
for
. United States Air Force
November 1957

Declassified in Part - Sanitized Copy Approved for Release 213/02/25 . CIA-RDP81-O1043R01600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

INVESTIGATIONS ON REINFORCED CONCRETE PANELS AND DEEP BEAMS

Forwarded herewith is a Summary and translation of the article headed
"Investigatlions on Reinforced Concrete Panels and Deep Beams™, by
Henrik Nylander. The article appeared in P: "Kugl. Telmilska
Hogskolans Handlingar™ (Translations of the Royal Technical Unlver-
sity), 1946, No. 2, pp. T7-53, DLC: TAUL45, N9.

This article glves the results of a serles of photoelastic tests and
statlc load tests to fallure of deep, narrow, short-span concrete
beams and of wlde, thin concrete compresslon panels with special
reference to shear and lateral tenslon fallure. On the basls of these
tests and of earller tests and analyses clted, rules are glven for
placing and proportioning reinforcement in members of the shapes and
functions described.
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Excerpt from Author!s Foreword*

Reinforced concrete compression panels ["slabs"] and deep
beams are used as load-bearing structural members. Numerous instances
could be clted: deep grade begms in housing construction; exterior
and interlor bearing walls in concrete structures; walls in silos of
various kinds, etec. On account of the scarcity of knowledge of the
statlc behavior and load-carrying capacity in general, these structural
members as currently used are overreinforced. In the present investi-
gation, some of the most important problems of design have been
treated. The study of phenomena (which have been as far as possible
clarified) was aimed at presenting results which could be agplied to
actual structural designs. To enlarge our knowledge of structural
problems, further investigations are needed. This is particularly
true in relation to cases where the main part of the load is applied
to the lower edge of the compression panel ["slab"] or beam, as for
instance in certain types of silo.

The investigations in questi;n’were priharily-carried oub
by means of tests partly on concrete slabs and begms and partly on
model specimens 1n which the states of stress were studled by the

photoelastic process.
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SUMMARY *

Comparatively few laboratory tests have hitherto been made on deep
concrete beams. The tésts, which have been.miade show howéver that
the formation of cracks in concrete prior to fallure gives rise to~
esgentlal deviations from that stress distribution which 1s obtained
from calculations based on the assumptions of the classic theory of
elasticity.

The difference in static function between a deep beam and a beam of ~ -
ordinary depth lles primarily in the fact that the additlional strésses
set up by concentrated loads in deep beams, in contradistinction to
those in beams of ordinary depth, produce an effect of paramount -
Jmportance on the state of stress throughout the whole beam. PFurther-
more, the local stresses at supports and below concentrated loads in
8 deep beam are larger than in a beam of ordinary depth. Speclal
attention has therefore been gilven in the present lnvestigatilon to

the study of stress distribution and 1ilability to fallure in the
vicinity of concentrated loads,

After the first cracks have formed, the stress distribution deter-
mining the design is dependent on the method of application of load.
Thus, when the load 1s applied to the top surface of the beam, the
stress distribution will be essentlally different from that due to
8 logd applled to the bottom surface.

The results obtalned from the present lnvestigation are represented

in the form of design rules for beams which are subjected to loads
appllied to the top surfacet.of .the beam, However, the speclal rules

set up for determining the permissible compressive stresses at supports
and below concentrated loads, and the general Ilnvestigation of the
stress dlstrlibution in the nelghborhood of concentrated loads, hold
good and are of interest also in those cases where the loads are not
appllied to the top surface of the beam.

In designing deep reinforced concrete beams or slabs, provision must
be made agalnst the followlng principal types of fallures:

l. Fallure of concrete at a support or below avconcentrated
load.

2. Splitting failure or fallure under tension in shearing.

3. Fallure of reinforcement under tension in bending.

4, Fallure of concrete under compression in bending,
The first two types of failures may be taken to be most conspicuous.
Primary fallure of concrete under compression in bending occurs in
deep beams even more seldom than in beams of ordinary depth, and this
eventuality may generally be left out of account.

*op, 50-53, Text.

- vi -
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Beam design must provide, not only agalnst fallure, but also against
formation of detrimental cracks. This 1s achlevéd by providirg those
portions of the beam which are in tenslon with speclal reinforcement
for the purpose of crack distribution.

1. In studylng the danger of concrete fallure at supports or
under concentrated loads, recourse must be had to strength
tests,

The following permissible stresses can be suggested on the basls of the
strength tests described in this paper.

a) When the load 1s applied at a corner:

t

the same stress as for a column loaded in the
directlon of its axis, assuming that there 1s no
danger of fallure by buckling.

b) When the load is applied at a distance 3 ¢ (¢ = wldth
of support) from a free edge:

twice the stress specified under a.

In those cases where the reactlons at the supports exceed the per- )
missible values, the strength of the beam can be Inereased bymeans of local
reinforcement of the type shown In Figs. 5 and 9.

2, The 1iability to fallure under tension of a slad (a splitting
fallure) subjected to concentrated loads can be estimated with
the aid of Table 6 which glves the maximum horlzonbtal tenslle
stress. (For notations, see Figs. 17 and 18.) Thls table
contains a summary of the results obtalned from a serles of
photoelastic tests made by Mr. Lars Forsblad and Bo Kohlmark
under the direction of the author, and a theoretical investi-
gatlon by Goodler (see footnote on page 25) dealing with
states of stress due to concentrated loads. If the tenslle
stress exceeds the permissible value in shear, reinforce-
ment should be provided. The deslgn of thls reinforcement
should be based on the stress distribution prevailing after
crack formatlon. The reinforcement used for preventlon of
splittirg 1s proportloned by the force computed from equation
(@), page 35, or from Table 5, on the simplest possible
design assumptlon, viz. that the line of compressive stress
£alls within the core area in each portlon of the slab formed
by cracking. )

When using reinforcement agalnst fallure under tension in shear, dis-
tinctlon must be made between continuous beams and freely supported
beams, The photoelastic tests (see Figs. 24 and 25 illustrating the
lines of principal stresses and the distribution of princlpal stresses
in cracked and non-cracked members) and the direct tests on concrete
beams described in this paper have shown that no spéclal reinforce-~
ment 1s,required at the supports on conditlon that the member is pro-
vided with crack distribution reinforcement in accordance with the
recommendations given in Fig. 36. '

- vii -
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The design of the reinforcement for members resting freely on the
supports should not be based on the safely against fallure - after

the formation of tensile cracks the member acts as a straining trestle-
work provided with tension rods, and the load~-bearing capacity is
therefore dependent on the anchorage of the bending tensilé reinforce-
ment. For this reason, the shear reinforcement should be proportioned
so a8 to provide safety agalnst formation of detrimental cracks.

The intensity of the principal tensile stresses in members subjected

to concentrated loads applled at 1/3 points of span was determined by
means of photoelastlc tests made on models of reinforced and plain "~ -
beams. This investigation 1s described in Part IT by my collabordtor,
Mr. Hans Holst, C. E. An example of the distribution of these stresseés
is shown in Fig. 20 (1/h = 413) [sic probably 1/h = 4/3], and the values
of principal tensile Stresses are glven for various span to depth
ratios l/g in Table 7. As may be seen from Fig. 20, recourSe must be
had to a subjective estimate 1in determining the range where the dan-
gerous tensile stresses in shear are not influenced by the bending
cracks, and Table 7 glves therefore the approximate 1limit values.

In those cases where the principal tensile stress glven in Table 7
exceeds 1,5 tlmes the permissible tensile stress in shear, the members
should be provided with reinforcement.

The design of the reinforcement 1s based on the requirement that this
relnforcement should be proportioned by the force needed in order to
keep In equilibruim that portion of the beam which is separated by a
probable fensile crack.

The procedure used in designing "shear™ reinforcement is illustrated
in Flg. 21. The tensile force acting on the shear reinforcement S3
and the requislte area of shear reinforcement computed on the basls
of the suggested permlssible value of steel stress are gilven in
Table 8, The results thus obtained can also be appllied to the con-
ditions of loading shown in Fig. 22 where, for large values of the
ratio E/a, the stabe of stress in the neighborhood of the right-hand
support Is essentially the same as under the conditlons of loading
dealt with in this investigation.

3. The design of bending tensile reinforcement has hitherto
generally been based on the stress distribution in a homo-
geneous heam. The reason 18 obviously to be found in the
imperiect kmowledge of the effects of cracking., With a
view to elucldating the function of members which are
loaded so heavily that crack formation exerts an influence
on the stress distribution, the author has made a series of
tests. 1In order to throw light upon the interaction of the
moments at the supports and between the supports, the tests
were made on contlnuous beams resting upon three supports.
The shape of the test beams and theilr reinforcement are
shown in Flg, 26-a and 26-b. The reinforcement of the beam
shown in Fig.26-a (beam No. 1) was designed on the basis of
the probable stress distribution in the cracked bheam,

- vii; -
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obtained from the photoelastic tests, that 1s to say, the
reinforcement at thée supports was placed for the most part
near the uppeir surface of the beam., In the beam shown in
Fig. 26-b (beam No. 2), on the other hand, the réinforce-
ment was deslgned on the basis of the state of stress
prevalling in a homogeneous non-cracked beéam, The steel
stresses were measured by means of tensometers which were
located as shown in Fig. 26. Photographs illustrating
crack formation are reproduced in Fig. 31. The main results
of the test can be summarized as follows.

After the beginning of crack formation, the reinforcement at the
supports and between the supports was on the whole subjected to equal
stresses, irrespective of whether the reinforcement was desligned on
the basis of the stress distribution in a homogeneous non-cracked
beam, as in beam No. 2, or on the basls of the probable stress dls-
tribution in a cracked beam, as in beam No. 1. Since the inner lever
arm of the tensile force acting on the steel in beam No. 1 was about
twlice that in beam No. 2, it is evident that the reinforcement used in

—beam No. 1l 18 preferred from the point of view of load-bearing capacity.
As regards crack formatlon, the two alternatives referred to in the
above may be regarded as equlvalent. Throughout the loadlng range up
to 60 percent of the ultimate strength, the wldth of cracks in beam
No. 1 did not exceed 0,1 mm at any point.

The bending reinforcement required under several typlcal condltlons
of lcading 1s shown in Fig. 36. The present investigation hag shown
that no additlonal shear reinforcement except the bent-up bars 1s
needed at the central swpports. At the end supports, on the other
nand, Shear reinforcement should be provided in accordance with the
recommendations glven under 2. '
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4 PREFACE

This is a full translation of the assigned text, as close to literal
as is consistent with the tranlator's objective of making the suthorfs exact
meaning clear to the technically trained English-speaking reader. In particu=
lar, ambiguities are avolided. Under this program, a word-for-word dictionary
translation was out of the question, particularly as some important words are
not given in any dictionary available at the Iibrary of Congress, and in other
cases no translation given by the dictionaries is appropriate to the sense of
the text.

Attention is called to the procedure followed in translating the
Swedish term skiva (plural: skivor). This word is widely used to mean slab;
and the test specimens are indeed of slabby shapes. But to the American

Q i engineer the term slab in the present connection inevitably recalls the
familiar problem of analyzing floor and roof elements ~ flat members loaded
and supported at right angles to their broad face. To avoid confusion, there-
fore, the tested members here have been designated by their load-bearing

functions as deep narrow beams and wide thin struts, or compression panels.

In the translation, the term stress has been used to mean internal

forces, and strain for deformation in the material of the stressed element.

Inclosure #1 to AFCIN-1Al IR - 180% - 57 3L October 1957
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4

INVESTIGATIONS

ON REINFORCED CONCRETE PANELS AND DEEP BEAMS

3

by Henrik Nylander

(Stockholm, 1946).

Inclosure #2 to AFCIN-1AL IR - 180k - 57 . 31 October 1957
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1. INTRODUCTION

(x For the last twenty years design rules for reinforced conerete deep besms
have been established by different researchers in the field of static theory
(2-15%).

The general procedure has been to determine the deslign for a stress distribu-
tion based on the assumptions provided by the classic theory of elasticity. 1In
only two investigations initiated in recent years have the effect of certain
specific properties of reinforced concrete been tested (13~15%). In these tests
simply supported beams were under discussion. In an article, Mr. Bay (13%)
analyzed the extent to which the formation of cracks preceding the yield point in
the reinforcement affects the internal lever arm, i.e. the distance between the
compression and tension centers in a beam with the depth greater than the span.

Mr. Bay's analysis shows: that crack formation is accompanied by an increase

of the internal lever arm over the value in stege I; that the proportioning of

( ! reinforcement based on the initial state prior to cracking implies an unjustified
increase in the safety factor; it thus can be assumed that tension cracks appear
in concrete before the yield point in steel bars is reached.

Mr. Bay, together with O. Graf and E. Bremner, carried out a laboratory test
on & simply supported deep beam with loads applied to the bottom surface of the
beam (14*). The resulting report carries an announcement regarding fortheoming
additional investigations which due to circumstances have probably been suspended.
The results thus obtained from the investigation show that the stress distribution
depends to a great extent on the depth of embedment of the suspension sheel
transmitting the exterior loads to the besm. In the final analysis it ».zas pointed

out that when designing a very deep beam (in the test specimen the ratio of the

¥[See Bibliography]
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depth to the theoretical span was equal to 2.2), more attention should be paid

to principal oblique tensile stresses than to principal tensile stresses due ‘o
bending.

Finally, Horst Kilngroth has carried out large scale teﬁts on simply supported
beams with the depth equal %o the theoretical span loaded at the upper surface (15).
On the ‘ba.si,,s of Klingroth's tests, it appears that in beams with ordinary depth

the tensile stresses in bending are of less importance than the oblique principal

tensile stresses, snd especially than the local compressive stresses at supports.¥

When scrutinizing the sbove-mentioned test, which was carried cut on simply
supported deep beams, it appears that stress dlstribution gives rise in certain
respects to essential deviations from that stress distribution which is cbtained
from cg.lculstions based on the classical theory of elasticity. This test indicates
that the progressive crack formation produces an effect of great importance on the
state of stresses throughout the reinforced concrete beam. The formation of cracks
varies in character, depending on the method of load application: when the load
is a.ipli_ed. to the top surface of the beam, the siress distribution will be
essentially different from that due to a load applied to the bottom surface.
Therefore, when determining the design rules for beams, it is essential to
distinguish these two principal cases. The investigation that follows treats the
case of beams subjected to loads on the top surface.

in designing deep reinforced concrete beaxlns on the basis of test~-proved
factors, provisions must be made against the following principal types of liability
to failure; )

1. Failure of concrete at a»support or below a concentrated load;

2. Shesr cracking or failure under tension in shear [diagonal shear];

3. TFailure of reinforcement under tension in bending;

¥This test will be discussed in Section 2. ‘

Inclosure # to AFCIN-1AL IR - 180k = 57 31 October 1957
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4, TFailure of concrete under compression in bending.

The first two types of failure may be teken as the most conspicuous. Primery
failure of concrete under compression in bending occurs in deep beams even more
rarely than in beams of ordinary depth, and may consequently be disregarded.

Beam design must provide safeguards not only against failure but also against
formation of detrimental cracks. This is achieved by providing those portions of
the beam which are in tension with special reinforcement designed for erack control.

The foregoing classification serves as a basis for further discussion.

3
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2. LOCAL FAILURE UNDER COMFRESSION AT SUFPCRT OR UNDER CONCENTRATED LOAD

Fig. 1 shows beam failure resulting from tests carried out by Mr. Klingroth.

The arrangement of supports is seen in Fig. 2, and views of tested beams together
with various conditions of loading are given in Fig. 3.
The U-shaped steel saddles clamping the beams were primarily designed to

effect the centering of the load in plan. In addition, they prevented the

transverse expansion of the concrete and thereby possibly raised the value of

compression at supports.

Data on values at failure for various beams are tabulated in Table 1, under
the assumption that the load pressure and compression at supports are equally
distributed. Location of failure is indicated by compression figures not enclosed
in parentheses.

The fajlure at support was probably facilitated by the manner in which the

- reinforcement was placed: as seen in Fig. 1, the spalling in the concrete which
had occurred in the corner at the supports is located outside the reinforcement.
On the other hand, as mentioned previously, the U-saddles shown in Fig. 2 had
possibly increased the ultimate load.*

The author had carried out loadix;g tests on three concrete panels (as shown
in Fig. 4) in order to gain information on the effect upon the ultimate load when

local load is applied near the edge of the panel, on the other hand, to determine

what increase in strength can be achieved by introducing special reinforcement
designed to limit the transverse expansion of concrete at a right angle to the
plane of the panel in the vicinity of the local load. In these loading tests the
panels were provided with excessively heavy transverse reinforeing bars (5 pleces

20 mm. = 0.8 in. in diameter, Ser. 52) designed to isolate the local failure in

~#In-beam l-a this increase could possibly be relatively slight because the flanges
-of the U-gsiaddles showed outward bending before failure, due to lateral compression.
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Fig. 1 - Post-Failure View of Beams Tested by Klingroth

Ioading methods and notation are shova in Fig. 2 and 3.
Figures are reproduced from Klingroth's account (15%).

*¥[See Bibliography)
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Beam No.

Ultimate
Ioad in m. te

Compression
under load

kg/cu® 300 } {2835} (195)
1.95, 1.
1b/in® {haso 4050 (2780)

Compression
at Support

kg/cu? 130 | (150) |(3) | 195 | 185 | 180 | 165

fo.85% : f1.23}| {2.20% | {2
1b/in® 1850 | (2140) | (20k0) | 2780 | 2640 | 2

195 185
.17} | {2.20}{{1.23} | {1.20}
560 | 2640 | 2780 | 26ko

Table 1. Data on Compression Under Ioad and at Supports, According to Klingroth's
Test.

The strength of the concrete was established in control tests:
by means of cubes 20 cm. (7.9 in.) on each side and with
primms 20 x 20 x 80 cm3 (7.9 x T+9 % 31.6 in.). As the .
number of control tests that had taken place is not indicated
in the report on the test results, the strength values:

6cubc- 223 kg/cu? (3180 1b/in?) and
& prism = 154 kgfcu? (2200 1b/1n°).
should be used cautiously. The values shown in braces {11

signify the relation between comyression at failure and the
strength of prisms.¥*

¥The strength of prisms was selected for purposes of compsrison, while the load-
.distributing pad was designed to bring about & favorable condition of bearing
between loading surface and the concrete.
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centrering ov

[ 2na] belastningsplone!

\
Fig. 2 = Set-up in Klingroth's Test
a. At the Supports
¢« b. Below Loading Force

*Scerews for Centering

of loading.
{: .
hes Inclosure #9 to AFCIN-1AL IR - 1804 - 57

Gl

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

(T T TR
ST R
N 23 X 3
a.s;’l s.osl l l

o
V4 7

Aer00cm

- s —J

(\ lepe 1, 2L

% ‘ﬁ—’f"’%
6x2.76" 3.9%

X4

04

Flg. 3 - Loading Condition
and Beam Dimensions
in Klingroth's Test

31 October 1957

s B A e M eSS o o

Do Ll0eTheli




Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

e o T —uhraass T—mttie .

1. EBecentric Loading in load Test B in Scheme III
Without Iocel Reinforcement.

2, Center loading in Scheme I end II with Local Reinforcement
and Load Test A in Scheme III Wlthout Local Reinforcement.

3. Eccentric Loading in ILoad Test C in Scheme IIT W.thout
Local Reinforcement.

4., Local Reinforcement in Scheme I and IX
5. Local Reinforcement in Scheme I end II

All Dimensions in mm.
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Fig. 4 - Reinforcement and Dimensions in the
Test of Partial Compression
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P concrete under compression at the points where load is applied. Table 2 summarizes
o " . . -, ' ) i
L the most significant results of these loading tests. b

e e TR AT T

Moreover, the panels in Schemes (alternative) I and II were provided with local
reinforcement, as shown in Fig. 5, designed to limit transverse expansion of
concrete under load, and thus to increase local compression. Two alternstive forms
vere obtained as a result of this local reinforcement: Schemes 1 and 2. Scheme 2
differs from Schéme 1 in that the spacing between the transversely held round bars
was half of the spacing in the respective bars in Schehe 1. Local reinforcement
we:s omitted in Scheme IIIX. '

, In Schemes I and II the concrete began to show flaking at a load of 40 to
50 mete, that is, at approximately the same load at which failure occurred in the
unreinforced panel.

Types of failure are shown in Fig. 6; a view of the local reinforcement after

failure is given in Fig. T.

! The test results may be summarized as follows:

l
|
!
{
f
é
¥
}
;

1. In partial loading of the panel, assuming that failure by splitting
is prevented, the value of the ultimate load depends on whether the
load is applied at the corner or at the center portlon of the panel.

2. In applying the load at the corner, the fallure formation and the
failure value depend to a great extent on thbe manuer in which the
reinforcement is provided at the corner. In Klingroth's test it
was shown that in the case where the supporting U-saddles were
ineffective, the ratio between the ultimate compression at the

support and the resistance in the prism was %:0;&5- The
(3

¢
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ratio between compression at supports and cube resistance(éf_.n )

in this experiment was equal to 0.78 which corresponds to: cube

_...,_..‘@ R
v ¥

6r 0.78
3, o8 = 7T : |

3. In Klingroth's test with load applied at the center portilon,

é .
the result was —% = 1.90, and in this test: é‘» = 1.60, or

é

? b

Gk _60 _, cude ;
6P 0.80

4, Vhen the panels were provided with local reinforcement, as shown in

Fig. 5, the result obtained was S = 2.43, or é‘:‘ = 3.0.
6cube éP

Failure occurred outside the local reinforcement; consequently the
panel was overreinforced. Even under the same load as that which
caused failure without local reinforcement, scaling occurred in the
concrete outside the local reinforcement similar to what had been

( observed in testing conerete colums with spiral reinforcement.

L e
3

Inclosure #12 to AFCIN-1A1 R - 180k - 57 31 October 1957

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



- Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

—

Unit Compression ' Resistance
Under Load, &, Character of of cube, &,
Type of Load Failure
‘ kg/em® | 1b/in® xg/cn@ |-1b/in2

Scheme I, Fig. 4, Local .| 680 9650 Scaling Outside | 281 %000
Reinf. as in Scheme 1, Local Reinf.
Fig. 5 Crushing Under
Local Reinf.

Scheme II, Fig, L4, Local 9800 | Same as Above (215, |(3900,
Reinf. as in Scheme 2, 285, 0
Fig. 5 283) ‘+0253

Scheme III, as in Fig. L, Crushing Under .
No Local Reinf. Test Load Load
A (Central Load) E Seme as Above

Scheme IIT, as in Fig. b, Crushing Under 3890

No Local Reinf. Test - Load and Spall-

Load B (Eccentric Load) ing of the (3900,
26

Corner .
3960)

TYT=NIO4V 03 €T# emsorour

Scheme IIT (Fig. 4), No 23.5 235 3340 | Seme as Above
Local Reinf. Test Load C
(Eccentric Load)

Table 2. Results Obtained from Compression Test of Concreté Panels Under Concentrated Loads
(as in Fig. 4). .

The proportioning of concrete consisted-of the following aggregates: A-cement: sand: coarse
gravel (1:3.7:h).

Water-cement ratio 0.70 (7.9 gal/sack). Slumps varied between 3.5 and k.5 cm. (L.t and 1.8 in.);
meximm size: 28 mm. (1.7 in.). .

In test load III, Scheme A, renewed loeds up to failure could be applied, slnce crushing failure
occurred at one loaded area. _In another test, the panel was subjected to load until failure on one side
occurred (because the other side was so damaged that the panel could not be subjected to a renewed load).
In all other tests, except in Scheme IITA, the ultimate load indicated the lowest value of the two tests.

*Age of concrete at test: for ITIB and ITIC - b days; the rest - 28 days. The concrete-cubes were tested
efter 28 days, and in Schemes IIIB and C, 4l days; the ratio 61‘/6‘“5 observed for these Schemes was
miltiplied by 0,90, ' ruce

LS6T a8q0300 TE
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. . All T Bar Section: 1/4" x 3/8"
AL Dime dnm TotalIcngth2x3.95-8.0m.
(26.3 £t.)

A-A

ALl Dim. in mm. A1l T Bar Section: 1/4" x 3/8"
Total Length 2 x 2.98 = 6,0 m. (19.7 f£t.)
Mam. of O Bars 8 mm. (0.3")
Total Length 2 x 1.8 = 3.6 mm. (0.1")

Fig. 5 - Shapes of the Local Reinforcement Used in the Test
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e
\‘ .,'
Fig. 6 - Views of Post-Failure Panels in Schemes
I and IT.
Attention is drawn to the extensive spalling
of concrete outside the plane of reinforcement
and to the bursting failure in panel I over its
entire width.
(
a b
Fig. 7 - View of the Locel Reinforcement after Fallure
a. Seen from below
be Side view
Photos show the steel cold-bent sidewise and
vertically.
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Considerations of Design

Fig. 8 shows two methods of anchoring reinforcing bars which obviously affect
aifferently the value of critical stresses at supports. The form at the left support
prevents damege of the corner, while the hook at the right support facilitates it.
The alternative at left was not tested, but judging from all factors involved, the
method of anchorage would presumably afford better results than Schemes ITIB and
ITIC, which were tested. The anchorage method shown at right should be avoided °
because the ultimate load for undertermined reasons can drop, owing to the crack-
ing effect of the hook anchorage with a bent-up end. In the arrangement at left
(or similar cases) the permissible reaction at the support and the permissible
stresses might be taken as equal in accordance with concrete specifications for
colums loaded in the direction of their axes, assuming that there is no danger of
failure by buckling.

If the width of supports ¢ is limited to a certain maximum value, (¢ = widath
of support) and the reaction at supports exceeds the permissible values, the next
best solution is to resort to an interconnection of column and beam such as that
shown in Fig. 8-b, i.e. by extending the colum part above the support level. In
this way the force at supports is pertly transmitted to the column from the beam
by vertical shearing stresses.

Should the extended colum seem cumbersome, recourse could be had to local
reinforcement of the same type as that used earlier in the test. On account of
the short distance between the support and the corner, a modification in the local
reinforcement is required, consisting of vertical bars with straight ends (see

Fig. 27-a). It is estimated that with very strong local reinforcement of the

+type shown in Fig. 27-a, the permissible reaction at ‘supports could be raised
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504* (above that without local reinforcement).

When concentrated load is applied at an adequate distance from the wall
corner (=3¢ , where ¢ = colum width at the loaded point), the permissible
stresses at the loaded area could be estimated as twice the permissible stresses
established by concrete spécifications for centrally loaded colums, assuming
there is no danger of failure by buckling.

As in the case of loads applied at the cormer, two alternatives could iae
presented if the width of supports cannot be adequately increased: to bring the
column section sbove the support level, or to provide local reinforcement below
the loaded area. If overreinforced, an increase of. permissible compressive
stresses up to approximately 50% will result.

An alternative form of reinforcement as a safeguard against crushing is
gshown in Fig. 9, consisting of exterior steel plates rigidly secured by bolts

passing through the concrete.

*No special test was made on the effect of local reinforcement at the corner.
However, besides elimination of corner spalling, the local reinforcement (Fig.
27-a) brings sbout a spread of stresses at supports of the same type as at loads
applied in the center of the panel, where the increase of local compression by
means of local reinforcement was 50%.
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Fallure Ares depending
22;,%":: on the Anchorage
JoronKrings-
X

Fig. 8-a -~ Two Methods of
Anchorage Variously
Affecting the Values
of Critical Stresses
at Supports

i
al

Fig. 8-b - At High Stresses at
: Supports Exceeding
Permissible Values, the
Colum can be Extended
Partway up the Wall.
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.

Fig. 9 - Local Reinforcement Consisting of
Steel Plates Secured with Bolts to
Both Sides of the Concrete Panel
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3. REINFORCEMENT AGAINST SPLITTING

A. Compression Panel on a Fixed Support

Fig. 10 shows & typical case of loading where tensile stresses resulting
from concentrated load influence the design.

The horizontal stresses in the vertical section of symmetry of the panel
vary from compression to tension immediately under the load at a short distance
€ from support, as shown in the diagram. If the concrete panel has no rein-
forcement, these tensile stresses cause failuré at ~a'{va.l\'ze of P sufficient to
bring sbout -the .splitting of the panel.

The situation is similar if the panel is embedded in its support at its
horizontal section of symmetry (as shown in Fig. 10-b). As the transverse
deformation of the panel is thus prevented by the support, the horizontal tensile
stresges are wesker than in the loading case shown in Fig. 10-a.

To £ind the magnitude of horizonf.al_ tensile stresses and danger of fallure
in concrete, photoelastic and theoretical investigations have been carried out,
dealing with stress distribution due to concentrated loads.

1. Photoelastic Tests

Four specimens of isolon were tested in the photoelastic investigations
carried out in 1941 by Lars Forsblad, C. E., and Bo KBhlmark, C. E., under the
direction of the author (as an examination paper on structural mechanics).
Dimensions of the test specimens are presented in Table 3 and the notation in

Fig. 11¥%.

¥For details on properties of the specimen - an unpigmenied resin belonging to the
Aphenol-formalde‘%yde group - and methods of photoelastic investigations see

H. Nylander, "Nagra st_lgsoﬂiaka undersBkningar.” Tekniska skrifter, No. 101.
Stockholm och Norrkfping, 1944. .
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a
L 8
2
1

1/2

70
60

T

Table 3. Dimensione of Specimens Used in the Photoelastic Tests.

In other tests the thickness of panel was 10 mm. (0.4 in.).
Fig. 12 gives the lines of principal strain for various cases, and Fig. 13

the distribution of horizontal tensile stresses along the vertical section of

gymmetry. Tenslle stressce are expressed as percentages of ék s which is

L- + The stresses are calculated from lines of principal elastic strain,
loa

10
isoclinic and isochromatic lines by graphical integration. The best obtainable

precision vas 5-10% for maximum values, and even poorer for the smaller values.
The curves for various lsteral rebios take into account the analogles between the
four setups [by plotting A as unity for all curves]. The maximum [tensile] stress
for the lateral ratio, /—z/ @ = 1/2 for instance, is 80% greater than that for the
specimene of greater relabtive length. This result is to be expected, in view of
the fact that the load concentration on the lower surface mskes é. greater
contribution to the maximum values for tensile stresses at the upper surface than
it does in the cese of other lateral ratios. On the other hand, the curve for
lateral ratio /@ = 1 should lie somevhet sbove that for 72/@ = 2 and k.
Strikingly enough, the horizontal stresses very near the loaded area are

compressive. Immediately under the load an almost hydrostatic stress condition
p
i
: g 4
and chenging in all lateral ratios to tension at a distance approximat;gy 0.7¢

prevails, with a compressive stress value in all directions equal to

from the losded edge ~ a situation to be taken into consideration when providing
reinforcement against splitting.
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Fig. 10 - Diagram (Typical view) of Distribu-
tion of Horizontal Strain Along the
Vertical Iine of Symmetry in Two
Fundsmental loading Cases
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Fig. 11 - Meaning of Symbols

and System of
Coordinates
A5 .
Rew Inclosure #23 to AFCIN-1AL IR - 1804 - 57 31 October 1957

:
o

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

|
j

ﬂ
g:

|

ZL

J
'L,‘;’}

;

Fig.' 12 - Principsal Lines of Strain Drawn from the Photoelastic

Test 7
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The broken-line curves in Fig. 13 represent the results obtained from calcula-
tions made by Mr. J. I{. Goodier and based on the mathematical theory of elasticity.¥
In view of the fact that only a single report on results of calculations was
available, it is difficult to express an opinion on its value; nevertheless,
consideration should be given, whether they are made by Goodier or obtalned from
photoelastic tests. Any deviation would have no imﬁortant bearing.

In this photoelastic investigation only one ¢/a ratio (= 1/10) was studied.
However, Goodier's calculations, in accordance with St-Venant's principle,¥** have
shown that the spread of the load over the bearing area strongly affects ‘thé stress
distribution in only one section at the distance ¢ from the loaded area, There-
fore, the obtained result can be applied even to othe;: c/a ratios.¥¥* TIn view of
the fact that it represents the total of the concentrated load which affects the
state of stresses at dlstances > from the loaded area, the value & shown in
Fig. 13 for o’cher‘ c/a ratios should be multiplied by c/a » 10.

The position of zero stress depends, however, on the c/a ratio. For
¢/a= 1/10 the zero lies at a distance of 0.7 ¢ from the loaded 'area, as shown

elsewhere. For c/a = 1/5 and A / Q = 2 Goodier's curves give a corresponding

distance of 0.55 C° and for c/a, = 20, and h/a = 1/2 the distance is 0.6¢ . It

could, therefore, be deduced that for various anticipated cases the zero lies at a

distance of 0.6 to 0.7 € from the loaded area.

¥ See: J. N. Goodler: 'Compression of Rectangular Blocks, and the Bending of
Beams by Non-linear Distribution of Bending Forces." Transactions of the
Ameirican Society of Mechanical Engineers.

#% ["A11l distribution of forces on the ends of a beam which are statlcally

.. equivalent will produce the same distribution.of stress at some distance from

. the end", (Translator's note)l.

suwThig is.valid for ¢/a <1/5.
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( Fig. 13 - Diagram of Horizontal Stress Distribution
Along the Vertical Iine of Symmetry
Obtained from the Photoelastic Test on
Thin Compression Panels, According to
table 3, Fig. 11, and from Goodier's

Calculations
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According to results obtained from the photoelastic studies, the compressive
qj{"f stresses in a vertical plane near the load {up to a distance equal to the spread of

the load) were mainly calculated under the assumption that compression radiating

from the losd area in a 450 direction is uniformly distributed.

2. Test on Reinforced Concrete Compression Panels

To secure dsta on the special phenomena ocewrring in concrete with load
pattern discussed earlier, a series of tests on panels were performed, as shown in
Fig. 14*, One test (Alt. I) was made with plain panels, the other three with
transverse reinforcement variouely distributed along the height of the panels. The
reinforeing steel bars were of grade St. 80 with tensile yield point of
4000 kg/ex? (57000 1b/in).

To ensure safe anchorage, the ends of the bars (as shown in Fig. 1L) were
welded to plates projecting beyond the vertical edge.

A load of ‘three tons was bullt up in one half minute and held continuocusly
for five minutes.l Fig. 15 shows a penel preassembled for testing. The plates at
supports, of dimensions 200 x 50 x 10 mm3 (7.9 x 2.0 x 0.4 in3), serving to prevent
local crushing, were pressed against either side of the panel by clamps clearly
visible on the photograph. They proved effective, for wherever a crushing failure
occurred, it always originated below the plate. Strain was measured and the cracks
traced. A beam was tested in each alternative. The principal results of the test
are tebulated in Table k., .

In Alt. I failure occurred lmmedistely after the first crack had appeared.
Simultaneously with the formation of & verticel center crack, horizontal cracks

began to appesr at the ouker edge of the panel. The post-failure view is shown

¥The test was part of the examination paper on structural mechanies prepared in
1942-U43 by Baltzar Klingberg, C. E., and Ake Sandberg, C. E., under the direction of
the author. -
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Fig. 14 - Dimensions and Reinforcement in the
Test on Spelling in Concrete Panels

Fig. 15 - Compression Penel as
Set-up for Test
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First Observed Spalling Failure Cube side 15 cm
Panel | Load |Compression Under | Maxlimm Tensile | Load |Compression Under | Type of Failure 6 in)
No. m.te Load Stress m.b, Load Cube Strength
kg/em? 1b/in? | xg/en® | 1b/in2 kg/em? 1b/in? kgferP  |1b/in2
I [2bk.7 | k4o 6250 | 25.0 356 | 247 | bho 6250 | Spalling and
secondary
horizontal
tension crack
at outer edge
4§10 5840
ho3
Lol 5750
II |27.2 | 485 6900 | 27.8 3% | 28.1 | 500 7100 | Seme as I koo 6010
L5 6340
Average Value:
420 5
IIT |33.0 | 5% 8400 | 33.5 476 | kb7 | 800 11400 | Crushing under
) : . load
IV |25.5 | k20 5980 2h,0 341 41,5 | ThO 10500 | Same as III
Table 4. Results of Tests on Transverse Reinforcement in Concrete Compression Panels Loaded

with Two Opposed Concentrations, as Shown in Fig. 1h.
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Fig. 16-a - Compression Panel Fig. 16-b - Compression Panel b
After Failure. After Failure.
Scheme I Scheme IT
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in Fig. 16-a. After the vertical center crack appeared, the panel obviously acted
{) as two eccentrically loaded colums. quer the assumption that the stress

dlstribution is rectilinear and that half of the compressive force is transmitted
to each half of the panel, the vertical tensile stress in the outer edge at failure
is calculated at approximately 120 kg/cm2 (1720 lb/ine) ; consequently appreciably
higher than the probable failure value under eccentric loading. This tends to show
that it is also possible that the ultimate failure marked by a horizontal temsion
crack in bending will occur immediately after the formation of vertical cleavage.
Hence in non-reinforced panels the formation of vertical cleavage carries a greater
liability to failure. .

In Alt. II, where transverse reinforcement was placed close to the loaded edges
in the compression zone of the panel, the failure phenomenon was similar in character
to the Alt. I. Post-failure view is seen in Fig. 16-b. The reinforcement had no

considerable effect. Nevertheless, it held the panel together so that the load

f‘g‘?

could be slightly increased after the vertical center crack appeared. Ultimate
failure was caused by the development of compression failure in the portion between
the vertical crack and the horizontal crack, which was longer.

In Alt. IIT and IV failure consisted of local crushing immediately outside
the plate relnforcement, at the loaded areas. The appearance of vertical center
cracks denoted & ’cra.nsfer’ of state of stresses in the panel. In Alt. III the
reinforcanent was concentrated in the area of greatest tension in the uﬁcraeked
panel; in Alt. IV the reinforcement was distributed in proportion to the intensity
of tensile stresses. No essential difference could be detected in the two alterna- .
tives: din fact failure consisted, as indicated above, of local crushing at suppoi't,

with the load at the first crack somewhat greater in Alt. III.
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The measured elongation confirms to a great extent the results drawn from the
photoelastic test and Goodier's calculations.
The following conclusions can be drawn from the test:
1. Vertical cracks in unreinforced panels under concentrated load occur
when the maximum calculated horizontal tensile stresses become greater
‘than the tensile strength of concrete. During the investigation, control
specimens were tested for compressive strength only. The compressive
strength obtained for & cube, 420 kg/em? (5980 1b/in2) corresponds to a
tensile strength of 20-25 k&/cm’c‘ (284 to 356 1b/in2), according to results
drawn from other investigations. This value is close enough to the
calculated values at’ the first crack in Alt. I and IT - 25.0 and
27.8 kg/cn? (356 and 396 1b/in®).*
2. The reinforcement close to the loaded edge has no effect on the carrying
{;e capacity of the penel. The customary use of bars close to the edge has
actually 1little effect on the carrying capacity under concentrated load. ’
3. The distribution of reinforcement along the vertical section of symmetry,
according to insufficient experiments, has little effect on the amount
of the load at the formation of the first crack. The proper place for
. reinforcement seems to be the area where the tensile stresses are highest.
If the reinforcement is placed in a layer, it should be at a distance of
3C’ from the loaded edge with a regular spread of load (¢ = width of the

loaded area).

¥Tt vas to be expected that the estimated tensile stresses in panels would lie
.higher, for the horizontal tensile stresses have an unequal distribution along
the vertical section of symmetry. This carries possibilities of stress equilibrium
\ through plastic deformation.
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!§ 3. Determination of Required Area of Transverse Reinforcement

, The reinforcement should be designed with due consideration of the fact
that the center crack seen in all the above-described tests had actuelly occurred,
Various possibilities are available for placing reinforcement whether it is ‘
concentrated in the area of greatest tensile stresses or distributed vertically in
proportion to the intensity of tensile stresses. Here are the rules drawn for the’
case wvhen reinforcement is concentrated in the area of greatest tensile stresses:
The distance from the loaded edge to the center of the reinforcement is designated
as » (see Fig. 17). This distance depends on the ratio between the width of the
local ioaded area: ¢ and the width of the panel A , as well as the ratio between
the height of the panel h and its width @ . With respect to the distribution of

) horizontal tensile stresses close to the loaded area, the panel shown [diagrarmati-

cally] in Fig. 17 is considered to be equivalent to a panel, loaded at two opposite
(- points, of a height 2/2 and width 2 .*
Values for » in various ratios‘ ¢/a and h/a cbtained as & result . :
of photoelastic tests described above and Goodier's computations are tabulated in ‘
Table 5. :

FWith some slight error, this ought to be comparable to 12/ > 1
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Fig. 17 - Meaning of Symbols Used in Referring to Required
Transverse Reinforcement Under Single Concentrated Load.
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1 c/q 0 1/10 1/5
L - \h/a 3 N N 7, P 5
. oG 0.3q ] 0.28P [ 0.35q | 0.20P | 0.k0a | 0.15
H i/
2 0.3 0.23 0.35 0.15 0.40 0.10
3 1.5 0.3 0.21 0.35 0.13 | 0.ko 0.05 ﬁ
1 0.3 0.16 0.35 0.07 0.40 0.05
<1 0.3k | 0.16 0.35h | 0.07,. | o.s0k | 0.05

' Pable 5. The Distance of the Transverse Reinforcement From the
Loaded Ares b and the Intensity of Tensile Stresses in
Transverse Reinforcement ‘Sf at Various Ratios

! ¢/a =d h/a.
The calculation 1s limited to the }2 /a >1 ratios, as the reinforcement
1 in the lower edge to resist bending has considerable effect on the design of
transverse reinforcement. The design of this reinforcement is based on the assump-
‘ tion that the line of compressive stresses falls within the core area in each l
( portion of the panel formed by center cracking (see Fig. 17). With the aid of ;
gymbols in Fig. 17, the reinforcement (5}) used to prevent cracks is proportioned i

by the force computed from equation:

|l—‘

v -——

I b 2 h-b 2 4

w

a_¢& 23 . ;
! - _ 6 4 P & | "h-2b
R T R

By inserting the value for b (in ascordance with Table 5) at varying ratios

hja =i ¢/a we obtain the value for 6} drawn from Equation & and

computed in the same table.

i If the panel is subjected to several concentrated loads, as shown in Fig. 18,

L
i
3

the reinforcement is determined in portions outside the outermost loads by the
same conditions which prevail outside the lines of compression as for center load.

Hence the reinforcement for the outermost portions is determined in Table 5 with
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the @ equal to twice the distance from the outermost load to the free edge.

If the forces under load P are of equal intensity, then the extent of the
line of compressive stresses in the center part between the vertical cracks in

! the extended lines of P -forces depends on the difference between the strength

which has been imparted to the outermost portion through transverse reinforcement
and the force which can be transmitted to the adjacent middie portion by means of
transverse reinforcement (in Fig. 18 A j2 )e . Adequa‘ge safeguards ‘sgainst
secondary transverse cracks liable to occur because the line of compressive stresses
falls outside the core area in the middle portion may be achieved if this rein-
forcement Aj'g (in Fig. 18) is determined by the values S ¢ 8t h/a <
presented in Table 5. In many cases it is useless to reduce the transverse
reinforcement in the center portions, for the reduction of the reinforcement area may

: _ be offset by an increase of weight due to splices.

i ( ' The rules for transverse reinforcement given above were based on the assump-
tlon that cracks in the concrete occurred under the concentrated loads. If the
horizontal tensile stresses are not high enough to cause vertical cracks to appear,
then obviously transverse reinforcement is unnecessary. It is self-evident that, as
in the procedure used for shallow beams subject to shear, reinforcement should be ‘

' provided only if the tensile stress exceeds the permissible valueA.

Greatest tensile stresses for various h/a and c./a ratios, tabulated in
Table 6, are based on the results of the photoelastic tests discussed above and on
Goodier's findings.

¥hen a panel is subjected o several loads, the greatest tensile stresses
under the outermost load can be taken as equal to the greatest tensile stresses in

| : & panel under a central load, having the same height and with width equal to twice

iy
foo —

.
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(o Fig. 18 - Meaning of Symbols Used in Referring
to the Required Transverse Reinforce-
ment Under Several Concentrated Loads.
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the distance between the outermost load and the vertical edge (cf. Fig. 18). The
ratio between the distance to the free edge and the height of the panel has a
considerable effect on the state of stresses below the outermost force.

The state of stresses below the forces nearer midspan is affected, apart from
the distance between forces, also by the height of the panel; if the distance is i
not excessive, the tensile stresses are reduced through the effect of the nearest
force.

To establish rules with due consideration to the effect of the various factors
involved covering practically all conceivable cases would so complicate the problem !
that it would have no practical meaning.

On the other hand, should the greatest tensile stresses be instead equal to
the calculated greatest tensile stresses for a beam of the same depth as the panel
under discussion, and with span equal to the distance between the insgide forces
(’ ( € in Fig. 18), we would be on the safe side in the majority of cases. This is
evident, among other things, from the development of the principal lines of stresses
in the panel subjJected to four opposed forces, according to Fig. 19.% Since
compression can be distributed only over an area which is limited by a vertical
line dividing the distance between forces in two equal parts, the possibilities for
horizontal tensile stresses under load - those tensile stresses which depend on the

spread of pressure under concentrated loads - can be reduced.

#The diagram is taken from an examination paper by Lennart Larsson, C. E., written
.under the author's direction.

&

;
&)
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Fig. 19 - Principal Lines of Strain Under ;
Four Opposed Concentrated Loads. ]
i
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A /ac/ al o 1/10 1/5
o | 0.60 OTP& 0.50 == o.uo?%—
2 0.65 0.55 0.40
1.5 0.65 0.60 0.45 i
1 0.65 0.60 0.5
0.5 0.90 0.65 0.65

Table 6. Dimension for Greatest Horizontal Tensile Stresses
Under Concentrated Load. /= Thickness of the panel. )
For other notations see Figs. 17 and 18.% ¢

L. Proportioning of Steel in the Lower Edge of the Panel

The design rules for transverse reinforcing shapes under concentrated

loads, discussed in the preceding chapter, were determined under the assumption

63

_ that the panel rests on a fixed support. From the standpoint of structural
technique, this should correspond to a beam either resting directly on & rock or
f£irm foundation, or supported by piles so closely spaced as to form a practically
continuous support. In general fractice, & couple of relatively heavy steel bars
are placed in the lower edge of the beam. ILaid out directly on a firm foundation,
they are pfiinarily designed to resist the tensile force produced by shrinkage and
temperature variations. If the panel 1s supported on plles, these tensile forces
are considerably weaker, I;articularly if thé piles are lorg and slender and are
driven in soft ground. VIf, furthermore, the panel or wall has little longitudinal
extent, then the tensile stresqes set up as a result of compressive deformation in

the panel sections formed under load by vertical cracks become imporvant in

*¥If the tensile stresses glven in Table 6 exceed the permissible value 7 in shear,
-transverse reinforcement should be provided as tabulated in Table 5.

)
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o~ proportioning of reinforcement in the bottom edge. From Figs. 17 and 18, the

tensile stresses in the reinforcement 5}1‘ are computed as:

U«

vhere the meaning of notations @ and b is given in Figs. 17 and 18 and the
dimension b is teabulated in Table 5. When several concentrated loads are given,
P indicates the outermost load.
B. Deep Beams

1. Introduction

while in beams of ordinery depth the design against failure in bending and
the design against failure in shear can be fundamentally differentlated - in deep
beams, on the other hand, no such difference exists, as for instance, between the
principal tensile stresses prevailing in connection with the so called "pure" state

of shearing stresses and the principal tensile stresses in bending, or the principal

tensile stresses due to concentrated load. Despite the fact that the limits are
diffuse, there are, however, sections where a certain character of prevailing
stresses can be defined respectively as in beams of ordinary depth.

The essential difference between deep and ordinary beams lies in this:

.i.n beams of a depth equal. to the span the add;ltiona.l stresses due to concentrated
loads ~ as against the case in ordinary beams - over the entire beamare of importance
to th'e desién.

As mentioned in section 1, the tests hitherto conducted on deep beams of
reinforced concrete indicate that the progressive crack formation is of great

importance in stress distribution.
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This point was taken into account in the analysis of photoelastic tests
presented in Part II. The analysis made on the basis of my program by my
assistant, Hans Holst, C. E., was aimed at studying the effect of a variation in

the ratio ;’;’h =h / { under a specified load, and in a large measure the
influence of extreme crack formation on the development of strain, v
Tests were made on two different series: on simply supported beams (Series I) .
with h/[ =1.0, 3/4, 1/2, 1/4, marked I:1 - I:k; and on continuous beams resting :
on three supports (Series II) with 12/ = 1.0 and 3/h marked IT:1 - II:2 (see
Fig. 1 in Part II). With a view to elucidating the effect of the atove-mentioned
crack formations which might probably take place (under ordinary or slightly higher

loading), both series were investigated after the tests on homogeneous beams, and

the zone where the greatest tensile stresses in bending were observed in the
homogeneous beams, was cut out and replaced by bending reinforcement. The member

(' thus obtained can be characterized as an arch or a curved beam with a tie rod. The
effect is real if it is assummed that the tensile force in the reinforcing bars is
transmitted entirely to the concrete by means of end anchorage. While the anchoring
of tensile reinforcement is not secured in this way but rather by friction and bond,
it 48 still true that at least in the later stage [of a test] the actual condition
may lie between those tested in the two limiting cases: the homogeneous panel
and the panel with cut-out tensioa zone.

The load in both Series I and Series II consisted of two equal loads applied

at the third points of span. This loading method was selected because it gives

conditions intermediate between the two extreme cases of loading:- unii’omly

distributed and midsy a2 load.

-

RS- g
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Tpe sumary of photoelastic testd will be presented in the form of lines of
principal stress, contours of principal tensile and compressive stresses, as well
as the horizontal stresses in a certailn characteristic section* of selected beams.

2, Simply Supported Beams

The previously discussed test made by XKlingroth indicates that the load-
bearing capacity was not dependent on the fact that the principal tensile stresses
computed on the basis of the elastic ratio exceeded the tensile strength of
concrete (L5%*). Due to the formation of tensile cracks in concrete, a shift of
the distribution of internal stresses has taken place, and therefore the member
now acts as a deforming trestlework provided with tension rods. Safeguards should
be provided against detrimental crack formation by means of reinforcement in the
regions of highest tensile stresses. Disregarding those portions where the tensile
stresses have the character of bending tension, Table T glves the greatest principal
i ( tensile stresses for various span ratios, based on the results obtained from the
} photoelastic tests. Because it i1s difficult to indicate the exact limit between
i bending-tensile stresses and other principal tensile stresses, the table gives the
| approximate limit values.

As may be seen from Fig. 20, where the contour lines of principal tensile
stresses are reproduced, the crosshatched portions represent the critical range where

the dangerous tensile stresses are not influenced by the bending reinforcement.

* Concerning methods used in the photoelastic tests see footnote on the article
mentioned in Chapter 3, Section 1.
*#*[See Bibliography]
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Homogeneous Unreif. Stage II é
Beam Stage I Reinforced , dm

P B 2
0.8 = 1.1 - 0.8 - 1.14, 0.9 =
ok dan | %@k
0.85 = 1.15 0.9 ~ 1.2 1.0
0.9 ~ L.2 1.2 - 1.6 1.2

1.0 - 1.5 l.5 - 2.0 1.5

Table 7. The Values of the Maximum Principal Tensile
Stresses Computed on the Basis of the Photo-
elastic Test in Series I, Having no Character
of Bending Stresses.

d = thickness of the beam;
A = total depth;

] = span.

Two concentrations of value P applied to the upper edge at the third points
of the span made up the load.

In the last colum of Table 7 the determining walues for the principsl tensile
stresses are suggested. When these values exceed the permissible stresses, the
menbers should be provided with shear reinforcement. Since the load at the first
crack lies considerably below the ultimate load, the permissible tensile stresses
are relatively high. If the safety factor is placed, for example, 50% lower than
the safety factor against failure in shear in beams with high span-depth ratio
( & 6), the.values in the last colum in Table 7 could be compared with 1.5 of the
allowable shearing stresses in accordance with the specification for the concrete.
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Fig. 20 -

Distribution of the Principal Temsile
Stresses Drawn from the Photoelastic

Test. Numbers show this distribution
at /M= L4/3 ‘

Fig. 20-a shows "Stage I" and Fig. 20-b
"Stage II". For other lateral ratios the
distribution is the same. The results

are omltted for lack of space. The
intensity of principal tensile stresses

is expressed in terms of A, The thickness
of specimen is 1 cm. (0.39 in.). The more
gently curving lines show the principal
tensile-~strain trajectories.
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Shear Reinforcement

The author who treated the present problem up to now has suggested as a rule,
that shear reinforcement should be proportioned in line with the st';rass distribution
in a homogeneous uwicracked beam. It is obv-ious that such a procedure hasg been
based on the agsumption that the strcsx; distribution was relatively easy to calculate

and that reinfox"cmt designed for the uncracked stage would best serve to prevent
detrimental cracks. The latter asstmpt:!;on, however, is questicnable. A definite
angwer could be achieved only through comprehensive investigations.

Yollowing are the proportioning rules obtained for shear reinforcement; dased
on the internal stress distribution after bending and shear cracks have occurred.
’ The probable location of shear crack: can be determined from contéura of
principal tensile stresses and from lines of principal strain. The design of the
reinforcement is based on the requirements that this reinforcement should be
proportioned by the force necessary to keep in equilibrium that portion of the beam

" which is separated by a probable shea.ring crack. The procedure used in de‘uignins

shear reinforcement is illustrated in Fig. 21%, Assuming that the chief purpose
of reinforcement 1s to prevent the formation of harmful cracks (while noting that
the proportioning suggested here is based on the probability that the reinforcement
is sufficient if it achieves an equil:l'brimgt of forces acting on the separated por-
tions like that which would exist if no shear crack had occurred), then a high
steel stress can be p.}gitted. ’

As the shift of the internal stress distribution resulting from a shear crack
is least in beams with a relatively low span ratio l/ }2 (Judging from the courl‘c

of the principal lines of stress), the size of cracks must consequently be smaller

#he outside forces acting on the separated portions were derived from the results
-obtained from the photoelastic test.
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Fig. 21 =~ Computed Shear Reinforcement and its Distribution
load: Applied at the third points of span.

The location of the ghear
crack was determined on the basis of the photoelastic test. The tensile force

acting on the shear reinforcement was obtained under conditions of equilibrium in .
that portion of the bheam which is separated by a crack in the concrete, The light
[broken] lines depend on the uncertainty of the value of tensile forces acting on
the bending reinforcement determined on the basis of the photoelastic test. How=
ever, 8 certain adjustment is possible. It 1s assumed that for example

[/}, 1 D <014 P For loads exceeding the value that produces a yield point
stress in’ shear reinforcement, then S; = 0 and D; > 0.14 P

et

S

Sorrais

Failure occurs when bending reinforcement is stressed to faillure.
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i f@» then in a higher span ratio, and thus a higher permissible steel stress may be

’ assumed for the small span ratio.

e ’ The suggested permissible values for steel stresses at various span ratios
are given in Teble 8. In view of the fact that no direct concrete test has been

made, the values indicated in the table should be used cautiously.

: , A
i 1/ hl 6 T Hill S J (Requir'éd Aresn)

1 1.0 &y 0.45 P 0.45 ~

_. 1.5 0.9 0.70 =] ~~0.80- -, |
; |
2 0.8 0.95 1.20 ‘
; 3 0.7 1.05 1.50

4 0.55 1.1 2.00

Table 8. Pérmissible Valués for Steel Stresses,
( Design of Forces Acting in the Shear
- Reinforcement (Crack Reinforcement), and
the Requisite Area of Reinforcement for
Load Conditions Indicated in Fig. 21.

-, @, = stresses at the yield point of shear
L 4 reinforcement
! [6j51/= allowable unit stress in steel]

Modifications for Loading Conditions Other Than Those Already Treated

Results obtained from the loading conditions already discussed can be applied
even in beams with greater span-depth ratios if the load is applied close to the
supports (see Fig. 22).

The state of stresses in an area between the load forces and the support

A depends on:
: 1. the moment;
. 2. the shearing force;
; 3. the local reaction at support;
i/ 4, the local forces resisting the load.
Inclosure #48 to AFCIN-1AL IR - 180% - 57 3L October 1957
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Fig. 22 - Meaning of Symbols Referred to

in the Design Rules for a Beam

Subjected to Load Close to

Support.
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Fig. 23 - Example
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;@i If the allowable principal tensile stresses in concrete and the required
area of reinforcement are expressed in terms of reaction R A ¥hich is designated
- by P, 1t follows that the loading case shown in Fig. 22 deviates from the loading
T case in Fig. 21 only in regard to local forces resisting the load.

As is evident from the photoelastic investigations, this deviation, however,
is relatively insignificant for & greater b/a ratio.

I In the loading case shown in Fig. 21 there is also a certain reaction of the
farthest loading force that can be neglected, since the local reaction falls off
rapidly with increasing distance from the active forces.*

Consequently, at a sufficiently high b/az ratio the :Cjornmlaa and rules given
above for the intensity of principal tensile stresses and for shear reinforcement
can be applied even in a case when the load is applied at a single point. The
lower limit value can be set at b/aa 5. The tables for two points of 10&& !
1 application are valid if P in Fig. 22 denotes reaction at support A and & the.
' total beam depth. The value /2 with the loading st the third point corresponds )
here %o the value 3@/ .

Example. Determine the required shear reinforcement for the beam given in

Fig. 23.

‘- T "shear permissible according to concrete specifications =
¥ h 6 kg/cn? (85.3 1b/in2)

é' weight of specimen = 1,15 200 _ o5 kg/cu? (7.1 1b/in2)

3057 T
: 2a _23:04 .,
’ h 0.6 ~

*See The influence lines of local reaction indicated by Fe Seewald: "Abhandlungen
.Aerodyn. Instit. Technishce Hochschule," Aachen, Vol. T, p. 11, 1927,
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L

Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4



Declassified in Part - Sanitized Copy Approved for Release 2013/02/25 : CIA-RDP81-01043R001600080008-4

. Fron Table T is obtained [/A =2
& I 12 L8 =10.5 kg/er? (149.1 1b/in)
' (dim " 3060

b3 6-—-10.5 +0.5 >1,506 for which shear reinforcement is to be provided.
From Table 8, esta’blished area of shear rein.forcanent for z”’l- 2’
15800
A =12 2280 =8,6 e (L.k in2)."

3. Continuous Beams

As the situation rema;ix;s largely the same in continuous bBeams as in ;:imply‘
supported ones, the rules drawn. from the (preceding) Section 2 regarding permissible
reactions at supports and the shear reinforcement ought to be applicable here.

The situation between supports d:l.'ffgajs considerably from that in the simply .
supported beam.. Besides the fact that the oblique principal tensile stresses-
change imperceptibly to horizontai' bending~tensile stress above the-supports, there
are portions of the beam separated by cracks (vhich could be termed extended bending
: ( . cracks due to shearing cracks) in a state of equilibrium, with the special rein-
forcement not necessarily producing an effect. This is under the assumption that
the span md the loadings are equal in different areas. When failwre occurs, the
system can be characterized as.a-contintious arch where the condﬁ{i&';t‘. 6f equilidrium
of all the portions separated by the cracks is mﬁned without the introduction
of enadditional force. This poiht is amplified by the results presented in
Figs. 24 and 25, which had been o’z;tained. from the photoelastic inv.estiga.tions
of a continuous beam resting on three supports. Furthermore, Fig. 25 clgn’i_ﬁes
the point that the.cra.ck first to occur 'b?:lngs about a reli_ef of the area
close to the aupporﬁ 5 with the result that the center of tension in bending above

the supports is transferred upward. The shear reinforcement at the support ought

Inclosure #51 to AFCIN-1AL IR - 1804 - 57 31 October 1957
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¥ig. 2l-a - Trajectories of Princi-

yal Stress in Stage I
- of Photoelastic Test.

Beam resting on three

Fig. 2k-b - Trajectories of Prin-
cipal Stress in Stage
II of Photoelastic
Test. Beam resting on

supports. three supports.

[/h=1. //h =1.

Fig. 25 - Contours of Principal Tensile Stress Distribution in a
Beam on Three Supports, Obtained From the Photoelastic !

Test; /= 1.

Fig. 24-a shows S*Eage I; Fig. 24=b -~ Stage II.
Intensity of principal tensile stresses is expressed
in terms of P . Thickness of specimen - 1 cm. (0.39 in.)
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| to be used simultaneously as bending reinforcement, as shown in the photoelastic
{ reproduction. As the bending reinforcement, according to the existing caleulation
methods, is indispensable, it follows that a certain shear reinforcement also will
- always be necessary.
‘ To establisgh the requisite amount of shear reinforcement it is first necessary
? +o elucidate its function. Thus it can ;De deduced on the basis of the foregoing
) statement that it [the reinforcement] serves to distribute cracks. As the first
cracks bring about a radical shift in stress distribution, the solution of the
problem can I;e achieved by studying direct tests on concrete. The test described
in Chapter 4 presents the needed data. On the basis of this test, no extra shear
reinforcement is required above the supports, if the entire reinforcement of the
beam is designed in accordance with the recormendations given in Fig. 36. This
assumption holds, however, with the prerequisite mentioned earlier that the different
(‘ span areas and loadings are equal.
4, BENDING REINFORCEMENT
A. Introduction
The design of bending reinforcement has hitherto generally been based on
stress distribution in a homogeneous beam and on a tensile force-in the reinforcef
ment equal to the total tensile.force in the homogeneous beam.*
-This method of approach obviously deviates from the method used in
proportioning shallow beams, where the tensile force in the reinforcement is

determined by the stress distribution prevailing at the cracking of concrete.

#With the exception of the test shown in item 13 [of the Bibliography], where thz
analysis of the effect of crack formation refers to simply supported beams ar
for the test in item 15, where a direct attempt was made to establish the teaniie
forces in steel in certain loading cases of simply supported beams. X

s Inclosure #53 to AFCIN-1AL IR - 180k - 57 31 October 1957
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{,—— The reason for not teking into consideration the cracking of concrete in deep
) beams is to be found in the imperfect knowledge of the effect of cracking. As far
as is known to the author, no direct tests reaching the yleld point have ever been
mede.
With a vj:ew to elucidating the behavior of members which are loaded so heavily
r that crack formation exerts an influence on the stress distribution, the author has
[ mede a series of tests. In order to throw light on the interaction of the moments
' at the supports and between supports,;so important to the problem of proportioning,
i the tests were made on continuous beams resting on three supports.
| B. The Test
The shape and reinforcement of the test beams are shown in Fig. 26-a and
26=b. The reinforcement ares in beam #2 was designed on the besis of stress
distriimtion prevailing in the homogeneous uncracked beam in the photoelastic test
(: (beam II:1l-a); for instdnce; the reinforcement above the support was concentrated

in the area where tension prevailed. The reinforcement in beam #1 was designed on

the bagis of & probable stress distributlon after Fhe cracks ha§e occurred. It was
agsumed that the reinforcement at the center support placed at the upper edge of
the beam, on account of the progressive crack formation, should be effective

i against the moment at the supports. To eliminate possibilities of local compression
fallure, local reinforcement was placed in the areas subjJected to load and at thé
supports, as shown in Fig. 27. Then shear reinforcement wes introduced consisting
of 4 ¢ 8 mm. (0.32 in.). The form of reinforcement mounted for casting is shown
in Fig. 28. The proportioning of concrete aggreagates in dry weight was as follows:
standard cement: sand: gravel(i : 3.7 : l&.?}. Water-cement ratio 0.75
(8 1/2 gal./sack).

s

P -
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Six compression cubes (each side 15 cm.= 6 in) were made for each beam. Also
for each series of two beams a control specimen was prepared conslsting of:
6 compression cubes,
L tension prisms (with a cross-section 15 x 15 cm? = 6 x 6 in; free
tensile length 64 em (25 in),
3 beams subject to bending (with cross-section 15 x 15 em? = 6 x 6 in)
The summary of results obtained from the control specimens is tabulated in

Tables 3 and 10.

Tested | Strapath of Cube { Tested Stre of Cube
Speci i 2 Specimen >
pe:O:en kg/er® | 1b/in ol kg/en? | 1b/in
‘ Beam 1 a 295 4200 Beam 2 & 305 4350
289 4ix00 300 4260
5 278 3960 29k 4190
275 3920 25k 3620
L | = c |2
2 ;
Av. 27 39 Av. 2 39
f ( Beam 1 b 280 3980 Beam 2 b 273 3880
L\ 260 3700 271 3860
| 282 4000 262 3730
| 1 282 4000 262 3730
| 272 3840 glgs 3?338
b 27 3930 3
I Av.2T5 3920 Av. e 3750
Table 9, Strength of Cube of Concrete Used in Test Beams

Inclosure #55 to AFCIN IR - 180k = 57 31 .October 1957
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€.
| Control Strength of Cube Tensile Strength Tensile Strength (in Bending) »
: Sp;gi..men kg/en® | 1b/in?| kgfemP | 1b/in2 ke/on® To/12 i
C Beem#1| 291 4150 18.4 260 26,0 370
.o 29§ 11:16!;2 12.2 2k 26.5 ﬂg
' 30 3 16.3 230 1.0
: 270 3840 17.8 248 Av. 27.8 395
§ ‘ 27g 3920 Av. 17.2 2L
2 0
i
- AV-—E&_ _2%5?:
‘ Beam # 2|. 257 3660 - 18.0 257 26.8 382
262 3780 12. g 236 31.3 ﬁgg
27 B30 |k | 2L 28.2_
( 281 4000 |Av. 17.0 2 Av. 28.8 : 10 '
26’67 3800
27 0
Av. 270 3%50
T Table 10. St.rehghh of Cube, Tensile Strength, and Tensile Strength in
! Bending. Bending tensile strength is calculsted on the basis
/, of rectilinear stress daistribution.
' Inclosure #56 to AFCIN-1A1 IR - 1804 - 57 31 October 1957
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Fig. 26~a - Dimensions, Reinforcement, and Points of Measurement of Test Beams of Series
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Fig. 27=b = Local Reinforcement at Center Support
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i 2.76°
:" T 2T=c = Local Reinforcement Below Loading Forces
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Fig. 28 - Form with Mounted Reinforcement Before Pouring
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A control specimen was also taken from each reinforcing bar. Data on the

' e strength /ythe reinforcement used are given in Table 1l.
7[Raf. to|Steel Diam.|Yield Point (Lower)|Ultimate Strength| ULt. E
Bean B ) 1 xg/ o /12| kg/a | 1o/12 | -o"8" o/ el | 10/12
206 x |106 x
lea | 1L (7.9 | 0.31 | 2740 39000 | 3530 | 50300 2.15 | 30.6
" 12 |7.9 | 0.3L | 29%0 41900 | 3950 | 56200 2.21 | 31.5
" 13 [7.9 | 0.31 | 2910 41500 | 4010 | 58400 2,19 | 3L.2
" % (7.9 | 0.31 | 308 43900 | 3800 | 54100 2.2k | 31.9
1-b | 11 {7.8 | 0,30 | 2970 h2200 | ko060 | 58000 > 2.15 | 30.6
" 12 7.8 | 0,30 | 2920 k1500 | 3990 | 56600 g 2,17 | 30.9
o
" 13 {8.0 | 0,3L | 3020 43000 | 3780 | 53700 | @ | 2.4 | 30.4
"l 1k |7.9 | 0,31 | 3080 43900 | 3800 5400 | B | 2.24 | 30.9
3
2-a | 21 |7.8 | 0,30 | 3040 43200 | L4oko | 5T400 8 2,25 | 32.0
C " | 2 |79 |03 | 30 1600 | 3920 | 55700 2.28 | 32.4
" 23 18,0 | 0.31 | 2700 38400 | 3740 | 53200 2.11 | 30.0
" 2k |7.9 | 0.31 | 2750 39200 | 3860 | 55000 2,19 | 3L.1
" 25 [7.9 | 0,31 | 3080 43900 [ 3800 | 5h100 2.24 | 3L.9
2-b | 21 |7.8 | 0.30 | 3040 43200 | 4oko | 57400 2.25 | 32.0
" | 22 |7.9 | 0.31| 3020 43000 | L4020 | 57200 2.25 [ 32,0
" 23 (8.0 [ 0,31 | 2700 38400 | 3740 | 53200 2,11 | 30.0
" 2k |7.9 | 0.3 | 2750 39200 | 3860 | 55000 2,19 | 3L.1
" 25 7.9 | 0.31 | 3080 43900 | 3800 | 54100 2.24 | 31.9
Table 1l. Data on the Strength of Reinforcement.
1 Inclosure #61 to AFCIN-LAL IR - 1804 = 57 31 October 1957
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@ The steel strain in each test beam was measured by mesns of tensometers
1,

located as shown in Fig. 26. The center deflection in relation to the end supports

- was measured by means of a "Zeilss Clock” [dial gage]. Since the jack was located
below the center support, it was possible to calibrate the height of the support
and to determine the center reaction. The photo in Fig. 29‘gives a view of the
test set-up. The jacks were calibrated for the same loading method as in the
experiment. In calibrating, internal friction was taken into ccnsideration when
evaluating the results of the experiment.

Data on the load at the first crack to appear, the ultimate load, and failure
are tebulated in Table 12.

Load at the First -

Beam No. Visible Crack Load at Failure Failure Phenomena
mete met.
- l-a 5 135.0 Scaling at the center
o support. Widehing cracks
. 1-b 75 123.5 Ditto
2-g ! 75 121.5 Widening Cracks
' 2-b 50 1065 Scaling at the center

support. Widening cracks

" Tgble 12. The Load-at the First Visible Crack and at Fallure.
The results obtained from deformation measurements are shown in Fig. 30. The
relationship betireen the total load and the center reactions, and between the total

load and the deflection at center support relative to the end supports are given

in Fig. 30-a; the meagurements of steel stress for different beams in Fig. 30-b
(points of measurement as in Fig. 26). Photos illustrating the crack formation in

test béams are.té be.found.in Figd3l. = wws ;

r

Ry

¢
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Flg. 29 = Testing and Measuring
Setup
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) (- . From the results presented in Figs. 30 and 31 the following conclusions can
’ be drawn regarding the behavior of the beams tested.

1. The center reaction in beams #l-a and #1-b due to the load at the first

crack formetion amounted to between 54 and 62 percent of the total load when the
center support was not shifted vertically in relation to the end supports (the load
- of 25 m.t. was disregarded because the reading of the load value was uncertain). .;tf i

No appreciable change in the relationship between the center reaction and the total *
load was noticed when the load was increased.

In beams #2-a and #2-b, the reading was uncertain at small load values. At
loads exceeding 75 m.t. the center reaction constituted 50 to 52 percent of the
total load when the upwla.rd shifting of the center support was zero.

From the comparison of beams #1 and #2 it is evident that beam #1 has a

L greater rigidity in bending in its center portion. This probably could be explaj.néd
‘ ( by the fact, that beam #1. is provided with reinforcement in itg upper edge.

i 2. The steel stress diagram shows that, after the cracks began to .appear in
the concrete beam, the reinforcement at the supports and between supports was on
the whole subjected to equal stresses, irrespective of whethex; the reinforcement
was designed on the basis of the stress distribution prevailing in-a homogeneous

t and fully elast_ic beam, as in beams #2, or on the basis of the probable stress

distribution in a cracked beam, as in beams #1.

Deviations cbserved in both types of beams could be explained by the different
reactions.in the ¢enter portion which, by causing cracks to appear, resulted also
in s different stress distribution. This, for instance, could explain the high -
reinforcement stresses observed in beam #2-a even at a load of 75 m.t., when the
center reactions had first increased, then considerably decreased. As a result

wide cracks appeared above the center support, causing a lowered rigidity asbove the

&
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Total leadmt. Cenfer reaction as%s of fotalload
o -

Center reaction as o of total loadl -

&1 14 forlure Tof?/y.,
A Joad = TS

mt*

Total
load, m.t

“E/ 7 N - 75fa/
. lead
m.t._Center reaclion as % of total load

TYT-NIDAY 03 GOf oamsoTour

Lot
ot [
-~

B Fajlure

beam *® beam
ay= balk 2a 2= balk 2b

Pig. 30-a - Total Ioad, Center Reaction as Percentage of the Total Load, and the Vertical Displacement at the Center
Support Observed During the Test. The sbscissa indicates time elapsed from the start of the test.
Notation: A = Total load; B = Center Reaction as % of Total Load;
C = Vexrtical Displacement of the Center Support (+ when the displacement is downward) .
The connection between the reaction at the center support or the vertical displacement of that support and the
total load is to be found from the diagram by drawing a vertical line from the load curve A to [intersect] the
reaction and displacement curves B and C.
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Fig. 30-b - Total Load and Steel Stresses Observed During the Test.
Notation in Fig. b; and bs:

A = Total Load; B = Steel Stresses in Midspan (Tensometers 1,

Upper-edge Bar Above Support (Tens. 3 & L);

Notation in Mig. b3 and by:

A = Total Load; B = Steel Stresses in Midspan (Tens.
. Above Support (Tens. 3); D =

in the Bottom Bar Above Support (Tens. 5).

D = Steel Stresses in Bent-up Bars Above Support (Tens.5)

1,2,6,&7); Cm=
Steel Stresses in Center Bars Above Support (Tens. 4); E = Steel Stresses

“ beam *

Loy
[ ime, min

Abscisss indicates time elapsed from start of the Test.

2, 6, & 7); C = Steel Stresses in the see
Fig. 26-a

Steel Stresses in Upper Bars see

Fig. 26-b}
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support, which in turn, when subjected again to an increased load, caused the span
‘to absorb the greater part of the bending moment.

As the lever arm of the tensile force acting on the steel (above the support)
in beam #1 was more than twice that in‘ beam #2, it is evident that the reinforcement
used in the beam #1 is preferable from the point of view of load~bearing capacity.

3« In beams #1, where the reinforcement was provided for observation of the
moment probably present at fallure, the widths of cracks were measured throughout
the test. When subjected to load equal to 60% of the ultimate load, the widths of
cracks, as found in Fig. 3l-a, did not exceed O.l mm. (0.004 in) at any point. In
beams #2 no such measurementswere taken. The cracks were visible at the same or at
slightly lower loads than in beams #l. It can thus be concluded that from point of
view of crack formai;ion it is permissible to provide the beam with reinforcement
mainly at the upper edge if, as in the case of the test, the crack~distributing
reinforcement is provided in the portions of the beam where the greatest tensile
stresses are present in the uncracked homogeneous beam. The reinforcement used
during the test consisted of half of the reinforcement in the upper edge of the
beam above the support.

hf In connection with the matter discussed in the preceding paragraph (3)
concerning crack formations, the question r&maina open as to the design importance
of the diagonal tensile stressels above the center support. The photographs in
Fig. 31 show that 'l;he cracl;s formed as a result of these principal tensile stresses
run from center support toward the nearest acting force. It is obvious that such
cracks have no effect on the bearing capacity of the beam. As the crmclt:sj had no

alarming width, as already mentioned earlier (in paragraph 3), there is evidently

no need, in & beam ratio such as this %;% = 1, to consider the diagonal tensile
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Fig. 31-a - Crack Formation in Beams #1

Load values indicated for transverse lines represent the extent :
of cracks at loads as in the reading, while the actual load was ) I
equal to the reading load reduced by 3.05 m.t. s which is the '
weight of the loading device. In places where the widths of -

- cracks are given, the values for loads are given in parentheses.
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Fig. 31-b - Crack Formation in Beams #2

» Load values indicated for transverse lines represent the extent
- of cracks at loads as in the reading, while the actual load was
equal to the reading load reduced by 3.05 m.t., which is the

) .weight of the loading device. The values in parentheses represent
. ' the center reaction.
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gstresses above the center support, if some crack distributing reinforcement is
provided.
C. Lever Arm of Internal Moments Under Various Support and Loading Conditions

As no systematic test has been made on beams for various methods of
support, loading condition, ;nd span ratio, one had to fall back on the rather
rough evaluation based on the availsble results drawn from tests. Klingroth's
test (15%) gives data on the lever arm [of internal moments] in & simply supported
beam with a depth = span aud loading conditions shown in Fig. 3, namely: 1) load
at center, 2) load at third points, and 3) uniformly distributed load. The lever
arms for these cases as obtained by Klingroth are:

1) h /1.04 2) h/1.37 3) h/1.61.
These values, however, presuppose that the bending reinforcement is distributed
over an area equal to 1/4 of the beam depth, which seems to be unnecessary. If
it is assumed instead that the center of tension is located at 0.05/1 from the
lower edge, then the lever arm values, according to Klingroth, are as follows:
1) h/0.97 2) h/1.25 -~ 3) h/1.us.
Thus i1t could be deduced on the basis of the high -va.lues at the loa.d.:i;éints that
the concrete absorbs tension. As this capacity depends on the concrete mix, it
seems a warranted precaution to establish the lever arm at A /1.05.
These values for the lever arm € [of internal mqmentsi_dednced from the
photoelastic test for homggnwus .unreinforced beans are t&buia.ted in Table 13.
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- . Table 13. Values for Lever Arm of Intermal

. Moments @ Obtained from the
Photoelastic. Investigations.
Simply supported homogeneous beam;
loads applied at third points.

It is clear from the table that the lever arm in a homogeneous beam varies
slightly with veriation of the span-to-depth ratio. For loading cases other than

the one examined the ratio ought to be similar. Therefore it can be concluded

i 1 T
i
T

oo

b that the variation in stress distribution in varying span ratio should have no

> e

2 ( important bearing on the &-value. Oa the other hand, the cracking of the.concrete

in the tension zone has a different effect at various span ratios. In regard to the
fact that the lever arm increases with. a progressive crack formation, there cannot t
s be a seriocus error in asswuning the lever arm at the span ratio 1:3 equal to the

value indicated for an ordinary beam, and for ratios between 1:1 and 1:3, that the

value is to be found by straight-line intez;pola,tion. The values thus obtained are
to be found in Fig. 32. '

"fiT The above-described test on concrete beams resting on three. . supports shows

that the internal lcmAa:m is largely dependent on crack formation. In all the

y 1
B S A T A R e A i 317

C - beams cracks appeared at midspan higher than in the case of Klingroth's test on

1
R

simply supported beams subjected to loads at the third points. Consequently, in

continuous beams the lever arm in the span can be assumed equal to that in a simply

supported beam and use made of the values shown in Fig. 32, ’
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1. Uniformly Distributed Load
2, Ioad Applied at Third Points
.- 3« Load Applied in the Center

K K
15
| /7a'nmf 4
= - lordetod
. last 13 \\ AL
. ~
2 Rrmbloster 2 E Y
I"frecjede/s- T =
punxlerna Y .
3 Ainntlost
Fmiternn |10 2 3
Span~depth ratio Sideforhdlonde £
Fig. 32. Lever Arm@ of Internal Moments for Various
Conditions of Loading, Span-Depth Ratios //h
i ) [and Percentage of Reinforcement /L(].
- . l/ho=h/K
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€] The proportioning of the reinforcement sbove the support (as in the
foregoing test) with l/ A= 1 vas designed under the assumption that the center of
compression is located at approximately }/20 to }1/25 from the lower edge of the
beam and that the reinforcement at supports consists of two parts, 2/3 AJ and
1/3 A‘ » wi‘bh 2/3 Aj located at the upper edge of the beam and 1/3AJ' at a -
distance of 2.5¢ ‘from.the lower edge. The value of the lever arm thus obtained
- corresponds to Klingroth's value for a simply supported beam with load applied at
midspan. As to the other value of l/h s the value @ found in Fig. 32 can be used

RS

in accordance with rules given in Fig. 36.

D, Moment Values at Various Support and Loading Conditions

The above-described test on reinforced concrete beams supported on three
points shows that the relation between the moments at supports and at midspan is
largely dependent on the manner in which the reinforcement is placed. If the

{:‘ relnforcement at the supports is mainly near the upper edge (as was recommended in
the preceding section), then the moment at supports in a beam supported at three
points is considerably greater than if the reinforcement were provided on the basis

3 of strain distribution in a homogeneous uncracked beam. Consequently all too rigid

formulas for moments are out of place, especially in regard to the design of deep

; beams. As the moment is highly susceptible to any displacement of points of supports,

this behavior should be reflected in the design.

;: On account of the extraordinary difficulties involved in calculating the

moments acting in continucus beams with unequal spans - even in beams of ordinary
depth - the following moment values are presented for general and frequently

"encountered cases fundamental in the analysis of support conditions.
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- a. Continuous Beams on Multiple Supports with Equal Repeated Spans |
: %\i In cases vhere the loading points are applied at midspan, the moments at !
: —_: supports and at midspan are equal to P[/ 8, as clearly seen from Fig. 33. These
. moments are independent of the span-depth ratio /A .
i In cases of uniformly distributed loads, shown in Fig. 34, Dischinger's
’ calculations of the moment above thz supports and at midséen (9%) wer; based on the 7
’ agsumption derived from the theory of_elasticit};. The summary of results drawm
= - from Dischinger's calculations is presented in Table 1k.
g B / Moment at | Moment at
I Support Midspan
1 0.0mgl2| o.0h gl®
3/ 0.072 0.041 :
— 1/2 0.073 0.0k !
Table 14, Moment at Support and Midspan Moment in :

C Continuous Beams on Multiple Supports and 13
% Subjected to Uniformly Distributed Load i
fg ke/m or 1/2t] (¢// = 1/10), According

to Dischinger. 4
The deviation of the sum of moment values at &
supports and in midspan from q[ #/8 depends
on the spread of the support.

Consequently, sven in this loading case the moment is practically independent f

of ‘the ratio h/ [ . Therefore there is reason to assume tha'b the distribution of the.
‘ moment under other loading conditions for continuous beams resting on mltiple
supports with a uniform load and with equal repeated spans will also be independent

of the ratio }z/ /.

b. Beam Resting on Three Supports with Spans of Equal Value

LS The loading cese examined in the test is shown in Fig. 35: the load was

applied at the third points; the moment at support is approximately 80 to 90 percent

*[See Bibliography]
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Fig. 33 - Continuous Beam Resting

on Multiple Supports.
Point of ILoad in
Midspan

T

4

. |
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Fig. 34 - Continucus Beam Resting

on Multiple Supports.
Uniformly Distributed
Load

Fig. 35 - Continuous Beam
on Three Supports
as in the Concrete
Test
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of the center moment in the span. (The moment at support = -0.20P/ ; +he midspen
moment = +0.23 /] ). 1In beams of ordinary depth, the moment at supports

= =0,33 Pl and the midspan;moment = +0.17/°, . In the photoelastic test, the value
for the moment at supports was very low for the homogeneous uncracked beams, while
the cracked and reinforced beams gave a.lmgst the same dj:stri'bt;tion of moments as

in the concrete test. The spread of the support is an important factor in local

compression above the support, and consequently in the moment distribution. This is

evident from the fact that when the ratio o eads::nm PPOTY o 1/10 and R/l=1, the
compressive stress above the center support is of the same magnitude as the midspan
deflection in a simply supported beam.

It is also obvious that the bending resistance of a supporting colum is an
importent factor in distributing the moment. There is no Justification for analyz-
ing the effect of the spread of supports and the elagtic deflection for every case
that comes up in practice.¥ Instead, the design should be made on the basis of
gafe values for span and st;.pport moments and on estimates of the effects of support
displacements which can be both of an elastic and of a constant nature. )

The midspan moment in a beam on three supports with a ratio h/ Z = 1 is taken
ag equal to the midspan moment in a simply supported beam, and the moment at supports
equal to the support moment in a fixed beam of ordinary depth. The midspan mv.::ment .
varies in a straight line from & value at Z’l/l = 1' to that at fIL’YZa 1/3, which is
valid for a beam of ordinary deptb,

*0One should, however, take into account the efféct of the spread of the support in
.levelling off the peak support moments.
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The recommendations previously referred to for the design and area of rein-
forcement required under typical conditions of loading are to be found in Fig. 36.
It gives the reinforcement in a continuous beam (Fig. 36-a and b), including shear
reinforcement. At the supports where the beanm is simply supported (for end supports
see Fig, 36-c and d) the shear reinforcement is not shown. In these portions the
reinforcement should be provided in accordance with recommendations given in ‘
Section 2B. The formulas have a validity for the ofdinary values of the ratio
c/[ s where C‘/I <0.2.
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Tig. 36-a - Point of Load Applied in Midspan
of a Continuous Beam on Multiple
Supports
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Fig. 36-b ~Uniformly Distributed loed in a
Continuous Beem on Multiple
Supports
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‘Fig. 36-c - Point of Load Applied in Midspan
of a Beam on Three Supports
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